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DIAGNOSTIC-FEASIBILITY STUDY 
OF VDENNA CORRECTIONAL CENTER 
JOHNSON COUNTY, ILLINOIS 
PARTI 
DIAGNOSTIC STUDY OF VIENNA 
CORRECTIONAL CENTER LAKE 
INTRODUCTION 
The Illinois State Water Survey (ISWS) undertook a detailed and systematic 16-
month diagnostic-feasibility study of the Vienna Correctional Center Lake beginning on 
October 1, 1995. he major objective of the project was to assess the present condition of 
the lake and recommend an integrated protection/mitigation plan for the lake and its 
watershed on the basis of this evaluation. 
The diagnostic study was designed to delineate the existing water quality problems 
and other factors affecting the lake's water supply use and recreational, aesthetic, and 
ecological qualities; to examine the causes of degradation, if any; and to identify and 
quantify the sources of nutrients and any pollutants flowing into the lake. On the basis of 
the study findings, water quality priorities were established for the lake. Alternative 
management techniques were then evaluated in relation to the established priorities. 
The Illinois Department of Central Management Services funded the diagnostic-
feasibility study. The consulting firm of Walker, Baker, and Associates was responsible for 
grant administration and management. The study was conducted using protocols 
developed for the U.S. Environmental Protection Agency (USEPA) and Illinois 
Environmental Protection Agency (IEPA) Clean Lakes Programs. The primary goal of the 
Clean Lakes Program is to protect or restore at least one lake within 25 miles of every 
major population center to a condition that is suitable for contact recreation. 
Lake Identification and Location 
Located in Johnson County in southern Illinois, the Vienna Correctional Center. 
(C.C.) Lake (figure 1) is in the Ozark Mountain Foothills, an agricultural area of southern 
Illinois. The 76.7-acre lake was constructed in 1965 to serve as a water-supply reservoir 
for the Vienna C.C. (figure 1). The lake is owned by the State of Illinois and maintained by 
the Illinois Department of Corrections. The lake was formed by construction of a dam 
across a tributary to Bay Creek. Table 1 includes other relevant information about Vienna 
C.C. Lake. 
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Figure 1. Location and watershed delineation for Vienna Correctional Center Lake 
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Table 1. General Information for Vienna Correctional Center Lake 
Lake Name: Vienna Correctional Center Lake 
State: Illinois 
County: Johnson 
Nearest municipalities: Carbondale, Marion, Harrisburg 
Latitude: 37°25'29" 
Longitude: 88°47'23" 
USEPA region: V 
Major tributary: None 
Receiving water body: Outfall from a retention pond south of the lake 
Outflowing stream: Bay Creek 
Water quality standards: General standards promulgated by Illinois 
Pollution Control Board, Title 35, Subtitle C, 
Chapter I, Part 302, Subpart B 
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Most of the laboratory analytical work for this study was done at the Water 
Survey's Peoria Water Quality Laboratory. Analysis of water and sediment metals was 
completed by the Water Survey's Champaign Laboratory under the supervision of Loretta 
Skowron. Water and sediment analyses for organics were also completed in Champaign 
under the supervision of Karen Harlin. 
William Walker of Walker, Baker, and Associates was instrumental in initiating the 
study as part of an ongoing rehabilitation of the waterworks facilities at the center. Chris 
Bickers and Jody Shimp of the Illinois Department of Natural Resources provided fisheries 
and biological resource inventories for the site. The authors would like to thank Omer 
Taylor and Mike Milligan of the engineering staff at the Vienna C.C. for assisting in 
coordinating access to the site and providing water use information for the treatment 
plant. 
Several ISWS personnel contributed to the successful completion of the project. 
Darin Osland, Rich Allgire, and Mike Nichols helped collect the field data. Kingsley Allan 
was responsible for the Geographic Information System (GIS) component of this project. 
Tom Hill identified the macrophyte samples. Linda Hascall prepared illustrations. Linda 
Dexter and Lacie Jeffers prepared the draft and the final reports, and Eva Kingston edited 
the final report. All their efforts and assistance are gratefully acknowledged and 
appreciated. 
STUDY AREA 
Location 
Vienna C.C. Lake and its watershed are located in Sections 3, 4, 5, 8, 9, and 16 
Township 13 South, Range 4 East of the 3d Principal Meridian, Johnson County, Illinois. 
The study area is six miles east of Vienna, Illinois, just outside the Shawnee National 
Forest. Figure 1 shows the lake and its immediate environment. The watershed of the lake 
is dominated by two Department of Corrections facilities: the Vienna C.C, a minimum 
security facility, and the Shawnee Center, a medium security facility. The figure also 
shows the boundary of the state property which includes most of the watershed area. A 
large stormwater detention basin was built adjacent and to the east of the Shawnee Center 
when it was constructed in the early 1980s. 
Site History 
The source of this historical record is a series of aerial photographs taken in 
October 1965, October 1971, August 1980, April 1988, and March 1993. Some additional 
information was provided by the Department of Corrections and Walker, Baker, and 
Associates or was available from Water Survey file documents. 
The lake was constructed in 1964 to serve as the raw water source for the Vienna 
C.C, which was under construction in the fall of 1965. The watershed appeared to be 
used for hay production or was grassed. The lake was not completely filled, and there 
were indications that some small trees or shrubs were protruding from the lake. There was 
also some indication of sedimentation in the west end of the lake. This early appearance of 
sediment may have been due to pre-construction sediment deposition at the bottom of the 
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steepest creek section or may have resulted from construction runoff from the exposed 
soils of the center site. 
By 1971, the Vienna C.C. was completed and the lake appeared to be full. A 
visible texture in the water surface in the west end of the lake may have been wind-
induced surface waves or aquatic plant growth. 
In 1980, the upper pond on the southwest corner of the Vienna C.C. had been 
constructed and appeared to be stable. 
The Shawnee Center appears in the 1988 photography with no indication of 
ongoing construction. According to other available information, the Shawnee Center was 
built in 1985. There are signs of a small construction site immediately to the northwest of 
the sites, and an additional pond had been constructed a little further northwest. Catfish 
rearing ponds on the northwest corner of Vienna C.C. also appear in this photograph. 
The west end of the lake appears to show a much larger area of exposed sediment. 
The area immediately downstream of the dam was flooded as it was during the monitoring 
period for this study. This area was wooded in all previous photographs. The area of 
exposed sediment had become more distinct in the 1993 photograph. 
Climatologic Conditions 
Anna, Illinois, is located 30 miles west of the study site. The following 
climatological summary for Anna, Illinois, is based on a period of record of over 100 years 
(1884-1989). 
Anna has a temperate continental climate dominated by maritime tropical air from 
the Gulf of Mexico from about March-November. Gulf air generally supports relative 
humidities of about 60 percent during the day and 85 percent at night. During these 
months, there are occasional, brief interruptions of drier, cooler air from the Pacific Ocean 
that typically last for only a few days. From November-March, the area is dominated by 
Pacific Ocean air. Three or four times each winter, cold, dry air from the Canadian Arctic 
breaks south bringing temperatures into the 0 to 20 degree Fahrenheit (°F) range. Average 
annual precipitation is about 45 inches. 
Summer daytime temperatures in southern Illinois are usually in the 80s or 90s; 
nighttime lows drop to about 18 degrees cooler than the daytime highs. Humidity is 
relatively high and comfort is impaired. Each summer month generally has about 4 inches 
of rainfall, mostly in the form of showers and thunderstorms. Summer storms are 
occasionally violent. Summer winds are usually out of the southwest. 
The winter season in southern Illinois is relatively mild in comparison to northern 
Illinois. This is at least partially due to the warming of Arctic air by about 10 degrees 
between northern and southern Illinois. Average January highs are near 40 °F with lows in 
the low 20s. Ground frost is intermittent. Average annual snowfall is about 15 inches. 
Although Anna has experienced major snowstorms, snowfalls of 6 inches or more are not 
expected more than once in three years. The greatest snowfall event at Anna was a 20-
inch event on February 24-25, 1979. It is unusual for snow cover to persist for more than 
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a week. The longest duration of continuous 1-inch snow cover at Anna was 60 days in 
early 1978. 
Drainage Area 
Figure 1 depicts the 797-acre drainage area for Vienna C.C. Lake. Most of the 
watershed area is owned and operated by the Department of Corrections. Illinois Route 
146 crosses the watershed for a length of approximately one mile. Several hundred acres 
on the west end of the watershed and on the south side of Route 146 are privately owned. 
The Department of Corrections had maintained a cattle operation on ground north 
of the lake. Portions of this ground drained into the northwest corner of the lake until this 
operation was closed during the summer of 1996. 
Other Department of Corrections facilities in the watershed include the 
administrative, residential, and recreational facilities for much of the Vienna C.C. and all of 
the Shawnee Center. Past and present facilities that may have affected the lake condition 
are the power plant and shops area, an ethanol production plant (closed in summer of 
1996), and catfish rearing ponds. None of the watershed area appears to be under 
cultivation at the present time. 
Geological and Soil Characteristics of Drainage Basin 
The study area lies in the Shawnee Hills section of the Interior Low Plateau 
province in the portion of southern Illinois often referred to as the Illinois Ozarks. The 
study area is typical of the general topographic conditions in the area with deeply incised 
valleys and relatively narrow ridges of flat upland soils. 
Johnson County lies near the southern rim of the Illinois basin. The loess-based 
topsoil covers Mississippian age sandstone bedrock. The area was not glaciated but may 
have some areas of sediment deposition from the glacial outwash. 
Principal soil types in the watershed are Grantsburg silt loam and Wellston-
Muskingum complex. Smaller areas of Robbs silt loam and Zanesville silt loam also occur. 
All of these soils developed under forest cover. Upland areas are classified as either Robbs 
or Grantsburg units with 0 to 4 percent slopes. Soils on steeper units are typically 
Wellston-Muskingum complex, Grantsburg, or Zanesville with slopes ranging from 4 to 
30 percent. Soil thickness to bedrock ranges from 80 inches in the upland areas to exposed 
bedrock on many slopes. 
Natural Community Description 
The area surrounding the lake contains small tracts of dry-mesic and dry upland 
forest communities, moist soil areas and herbaceous openlands. The southern shores of the 
lake are quite scenic with cliffs, moderately steep valley slopes, and intermittent streams. 
The vegetation within these communities is related to soil depth, slope, and aspect, and is 
greatly influenced by past and present land uses. 
Dry upland forest constitutes the major community type along the southern shores 
of Vienna C.C. Lake. The soils are generally thin and acidic with much reduced leaf cover. 
6 
The relatively open canopy is formed by Post Oak (Quercus stellata), Pignut Hickory 
(Carya glabra), White Oak (Quercus alba), Winged Elm (Ulmus alata), and scattered 
Blackjack Oaks (Quercus marilandica). Shrubs noted include Serviceberry (Amelanchier 
arborea), Farckle Berry (Vacinium arboreurri), and Eastern Red Cedar (Juniperus 
virginiana). The herbaceous layer is composed of various lichens, mosses, and vascular 
herbaceous plants such as Woodland Sunflower (Helianthus divaricatus), Muhly Grass 
(Muhlenbergia sobolifera), Carex spp. (Carex umbellata, Carex muhlenbergia, and 
Carex artitecta), Curly Grass (Danthonia spicata), Dittany (Cunila oraginoides), Gray 
Goldenrod (Solidago nemoralis), and Three-seeded Mercury (Acalypha rhomboides). 
Birds observed during the survey such as Blue Jay (Cyanocitta cristata), Common Flicker 
(Calaptes auratus), and American Crow (Corvus brachyrhynchos) are considered 
generalists and are often associated with the forest-edge interface. Northern Fence Lizards 
(Sceloporus undulatus) were commonly seen throughout this community scampering over 
bark or basking on exposed sandstone rock outcrops in undisturbed areas. 
Plants within 8 to 10 meter (m) broad airstrip rights-of-way differ somewhat from 
those of the adjacent dry upland forest. In the dry north-facing right-of way opening, 
Black-eyed Susan (Rudbeckia hirta), Broom Sedge (Andropogon virginica), Late 
Boneset (Eupatorium serotinum), Field Thistle (Cirsium discolor), Wild Poinsettia 
(Poinsettia dentata), Wooly Mullein (Verbascum thapsus) and Panic Grass 
(Dichanthelium sphaerocarpon) were common. From this right-of-way, a Black Vulture 
(Coragyps atratus) was seen soaring overhead. Black vultures, much less common than 
Turkey Vultures (Cathartes aura), are known to nest in the vicinity of Vienna C.C. 
A discontinuous dry sandstone cliff community exists along the southern edge of 
Vienna C.C. Lake. Within this community there is a transition from vertical bare rock to 
areas of thin soils along the base and tops of the cliff. Floristically, this community is 
degraded; however, remnant species typical of sandstone cliff communities in southern 
Illinois such as Marginal Shield Fern (Dryopteris marginalis), Hairy-lip fern (Woodsia 
obtusa), Blue-stem Goldenrod (Solidago caesia), Wild Hydrangea (Hydrangea 
arborescens), and Tall White Lettuce (Prenanthes altissima) were observed. Summer use 
by Cliff Swallows (Petrochelidon pyrrhonota) was evident as nests can be seen on small 
ledges along the cliff at various locations. 
The upper reaches of the watershed are primarily dry-mesic upland forest; 
however, some dry upland forest does exist on exposed south-facing slopes in SWViSWVi 
of Section 4. Canopy composition of the dry-mesic forest is similar to that of the dry 
upland forest community, although Sugar Maple (Acer saccharum), Red Oak (Quercus 
rubra), and Mockernut Hickory (Carya tomentosa) are much more important. White Ash 
(Fraxinus americana), White Oak (Quercus alba), and Hop Hornbeam (Ostrya 
virginiana) were also tree species commonly observed throughout the forest. Sugar Maple 
appears to be the most dominant understory and mid-canopy tree species, suggesting the 
forest is under transition from an oak-dominated to a maple-dominated forest. Because of 
the shade produced by the Sugar Maple, the ground layer summer and fall flora is quite 
poor. Herbaceous plant species observed in this community include Carex muhlenbergii, 
Carex digitalis, Coral Berry (Symphoricarpos orbiculatus), Christmas Fern (Polystichium 
acrostichoides), White snakeroot (Eupatorium rugosum), Sea Oats (Chasmanthium 
latifolium), and Muhly Grass (Muhlenbergia sobolifera). An Eastern Box Turtle 
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(Terrapene Carolina), Eastern Grey Treefrogs (Hyla versicolor), American Toad (Bufo 
americanus), Eastern Chipmunks (Tamias striatus), Grey Squirrels {Scirius carolinensis), 
a White-tailed Deer {Odocoileus virginianus), Blue-gray Gnatcatchers {Polioptila 
cerulea), Carolina Chickadees {Parus carolinensis), Yellow-rumped Warblers {Dendroica 
cornata), Brown-headed Cowbirds {Molothrus ater), and American Crows were observed 
in the dry-mesic upland forest during the survey. Most of the animals common to the 
region probably occur in, or occasionally use, these woods, especially the larger mammals 
such as Racoon (Procyon lotor), Opossum {Didelphis marsupialis), and Grey Fox 
{Urocyon cinereoargenteus). 
An intermittent stream choked with repetitive accumulations of boulder and cobble 
bars eventually flows into the lake from the southwest. Surrounded by dry-mesic forest, 
the stream channel widens enough in areas to have small deposits on which finer material 
has accumulated and herbaceous plants have become established. These areas are known 
as "gravel washes" and contain species such as False Nettle {Boehmeria cylindrica), 
Butterweed (Senecio glabbellus), Mistflower {Eupatorium coelestinum), and Common 
Day Flower (Commelina communis). Zigzag Salamanders {Plethodon dosalis) were 
observed under boulders within the streambed, and Creek Chubs {Semotilus 
atromaculatus) and Topminnows (Fundulus sp.) were seen in the small pools. 
Areas of exposed mudflats occur along the southwestern end of the lake. These 
moist soil areas become exposed during natural drawdown of the lake. Seasonal 
fluctuation of water levels prevents tree growth and limits vegetation to herbaceous 
annuals and flood-tolerant perennials such as Monkey Flower (Mimulus alatus), Spotted 
Touch-me-nots (Impatiens capensis), Sedges (Cyperus spp.), Common Cocklebur 
{Xanthium strumarium), Smartweeds (Polygonum spp.), and Beggarticks {Bidens 
cernua). Waterfowl, particularly dabbling ducks and shorebirds, often concentrate on 
wetlands with natural foods such as those produced by these plants. Blue-winged Teal 
{Anas discors) were observed on the lake, and shorebirds such as the Lesser Yellowlegs 
{Tringa flavipes) and the Killdeer {Charadrius vociferus) were observed foraging on the 
mudflats. In addition to plant foods, diverse populations of invertebrates, reptiles, and 
amphibians regularly occur in moist soil areas. These animals are desirable components of 
wildlife areas and serve as important prey species for waterfowl, raptors, herons, and other 
wildlife. 
Fisheries Management 
Illinois Department of Natural Resources (IDNR) staff made fisheries survey of the 
lake on August 30, 1996. The purpose of fisheries surveys is to collect a data set 
representative of the existing fish population of the lake in order to formulate an effective 
fisheries management plan. This section summarizes survey results and the recommended 
fisheries management plan. Appendix I includes the full IDNR Fisheries Lake Management 
Plan. 
This was the first fisheries survey of the lake since 1971. The success of the 1996 
fisheries survey was limited. Low conductivity of the lake water, deep water conditions 
along the lakeshore, and warm lake water combined to reduce shocking efficiency by 
producing a weak electrical jolt that the fish could readily avoid by diving to deeper 
depths. 
8 
Poor collection conditions may have affected survey results by limiting the 
collection of larger fish. The proportional stock index, a measure of the relative number of 
quality size individuals in the population, should be in the range of 20 to 40 for bass and 
40 to 60 for bluegill and redear. At Vienna C.C. Lake, these numbers were low for bass 
(15.6) and extremely low for bluegill and redear (18.4 and 7.1, respectively). 
The health of the fish recovered in the survey is reflected in the relative weight of 
each size category in relation to standard weight for each length and species. These values 
for the fish collected at Vienna C.C. Lake ranged from 91.7 percent for bass to 94.1 
percent for redear. 
Recommendations for management of the lake's fisheries cannot be made on the 
basis of one survey. Future fisheries surveys should be initiated on an annual or biennial 
cycle. Areas of concern include the low proportional stock index for all species and the 
low standard weight for all bass sizes. Future surveys using equipment that is better suited 
for the existing conditions at Vienna C.C. Lake may show an improvement in population 
size distribution. 
Access to Lake Area 
Lake access is limited to Department of Corrections staff and inmates of the 
Vienna facility. 
Size and Economic Structure of Potential User Population 
Vienna C.C. Lake is not accessible for public use. For completeness of this 
treatment of the lake as a potential regional resource, table 2 presents the regional 
population and economic statistics for towns near the Vienna C.C. (U.S. Department of 
Commerce, 1992a). The combined population of these surrounding cities and towns is 
211,600, but these population figures do not represent potential lake users. 
Tables 3 a and 3b present population and economic data for counties in Illinois 
surrounding Johnson County. Employment sources are also included in the tables. 
Surrounding counties can be characterized as below middle income levels. Farming and 
light industry are the major employment sources with low unemployment rates, and 
adequate housing for individuals. 
Historical Lake Uses and Conditions 
The lake's primary use is raw water-supply to the Vienna C.C. Recreational uses 
are limited to Correctional Center employees and inmates. 
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Table 2. Demographic and Economic Data for Towns 
Surrounding Vienna Correctional Center Lake 
Per 
Population Number Persons capita 
Town or Under Over of per income, 
City Total Female 18, % 65, % households household dollars 
Cairo 4,846 2,679 32.1 20.2 1,984 2.39 8,148 
Carbondale 27,033 12,520 12.0 7.1 9,606 2.12 8,037 
Carrier Mills 1,991 1,090 24.3 23.7 862 2.24 8,490 
Carterville 3,630 1,903 25.4 13.9 1,478 2.46 11,587 
Eldorado 4,536 2,555 21.6 27.3 1,919 2.20 8,621 
Golconda 753 465 - - 350 2.15 8,282 
Harrisburg 9,289 4,909 24.1 21.0 3,929 2.24 9,836 
Herrin 10,857 5,891 22.2 22.5 4,571 2.31 10,497 
Johnson City 3,706 2,029 23.8 21.0 1,568 2.35 9,329 
Jonesboro 1,711 931 24.9 18.0 737 2.32 9,933 
Marion 14,545 7,844 23.5 20.0 6,181 2.31 12,342 
Metropolis 6,734 3,731 21.3 25.6 2,889 2.24 10,060 
Mound City 765 427 33.8 21.5 308 2.48 5,875 
Murphysboro 9,176 4,990 24.2 19.9 3,788 2.32 9,997 
Vienna 1,446 821 22.8 28.3 635 2.17 9,472 
Source: 1990 Census data (U.S. Department of Commerce, 1992b). 
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Table 3a. Population and Economic Data for Areas near Vienna Correctional Center Lake 
Total 
Number number Per 
of of Total capita 
Area Wholesale establish- Number of Value added establish- number of income 
County (sq. miles) Population (thousands, $) ments Units employees (thousands, $) ments employees (dollars) 
Alexander 236.4 10,626 110,835 10 35 -  -       6 4,228 8,846 
Jackson 588.1 61,067 91,264 34 44 1,400 51,100 32 37,502 10,003 
Johnson 346.0 11,347 57,246 7 1 - 1,400 6 5,700 9,170 
Massac 239.1 14,752 17,065 12 45 - - 13 6,985 10,133 
Pope 370.9 4,373 - 2 1 -        -                2 2,029 8,977 
Pulaski 200.8 7,523 123,957 3 9 -            - 2 3,025 8,479 
Saline 383.3 26,551 224,046 17 7 400 8,300 23 11,462 10,066 
Union 416.2 17,619 20,103 12 32 800 37,200 16 8,542 10,180 
Williamson 424.2 57,733 174,541 60 138 2,800 160,400 57 27,877 11,254 
Sources: 1990 Census of Population and Housing Characteristics (Illinois), Bureau of Census, U.S. Department of Commerce (1992a); 
Rand McNally Commercial Atlas and Marketing Guide (1993); 1992 Census of Manufacturers, Illinois, U.S. Department of 
Commerce (1996). 
Table 3b. General Employment Categories for Areas 
near Vienna Correctional Center Lake 
County/county seat Major employment categories 
Alexander/Cairo Agriculture; manufacturing (food and kindred products, 
nondurable goods); trucking; wholesale trade; retail 
trade; professional services (health, education). 
Jackson/Murphysboro Agriculture; manufacturing (food and kindred products, 
primary metals); trucking; wholesale trade; retail trade; 
services (alternative, business, education, engineering, 
health, hotel and motels). 
Johnson/Vienna Construction; retail trade; professional and related 
services. 
Massac/Metropolis Construction; manufacturing (chemical and allied products, 
primary metal industries); transportation and public utility; 
professional and related services. 
Pope/Golconda Construction; mining; retail trade; personal services. 
Pulaski/Mound City Agriculture; construction; manufacturing (food and bakery, 
dairy); professional and related services. 
Saline/Harrisburg Agriculture; mining; textile products; wholesale trade; 
services (business, education, health, personal). 
Union/Jonesboro Agriculture; construction; retail trade; professional and 
related services. 
Williamson/Marion Mining; construction; manufacturing (nondurable and 
durable products; transportation and public utility; 
wholesale trade; finance, insurance, real setates; retail 
trade; services (automotive, business, education, health, 
hotels and motels, personal). 
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No limnological study has been made in the past prior to this current study. No 
serious problem concerning the lake's water quality has been reported in the past. 
Conversations with the water treatment plant personnel, however, revealed that elevated 
concentrations of manganese cause water quality problems, especially during summer 
months. Manganese is undesirable in domestic water supplies because it causes unpleasant 
tastes, deposits on food during cooking, stains and discolors laundry and plumbing 
fixtures, and fosters the growth of some microorganisms in reservoirs, filters, and 
distribution systems. The Illinois Pollution Control Board (IPCB) stipulates that the 
concentration of manganese in finished waters should not exceed 0.15 millgrams per liter 
or mg/L (Illinois Environmental Protection Agency, 1986). Trihalomethane precursors are 
also said to be problems occasionally. 
The ISWS Office of Analytical and Water Treatment Services has routinely 
collected finished water samples and analyzed them for inorganic chemical constituents 
over the past 30 years (appendix II). The finished waters had low alkalinity (24 to 52 
mg/L as calicum carbonate or CaCO3), low hardness (36 to 88 mg/L as CaCO3) with very 
low levels of calcium, magnesium, chlorides, and sulfates. Only one observation for 
nitrate-N (1.0 mg/L) exceeded the standard of 10.0 mg/L. Iron and manganese in the 
finished waters were found to range from 0.0 to 6.7 mg/L and 0.0 to 0.5 mg/L, 
respectively. 
Population Segments Adversely Affected by Lake Degradation 
Degradation of the lake will adversely affect the limited recreational user 
population. The general population will not be adversely affected by any lake degradation, 
however. 
Comparison to Other Lakes in the Region 
There are numerous public lakes within 50 miles (80 kilometers) of Vienna C.C. 
Lake (table 4). Lake size, use, and facilities are not available. 
Point-Source Waste Discharges 
Several point-source waste discharges are or have been noted to discharge within 
the drainage area of the lake. These discharges have generally been associated with 
utilities or industrial centers for the Correction Centers: power plant and coal storage area, 
greenhouse, ethanol plant (closed July 1996), and catfish rearing ponds (closed prior to 
study period). There is no known point source municipal or industrial waste discharge 
occurring in the lake's watershed. None of the discharges are covered by National 
Pollution Discharge Elimination System (NPDES) permits. 
The discharges from the greenhouse, the ethanol plant, the power plant, and the 
coal storage area are or were all seep discharges down the valley wall. Under normal 
conditions, the seeps do not appear to reach the lake. For a period of time that included 
the early stages of this study, the ethanol plant discharge included a leaking floor drain tile. 
Based on an observed deposit of solid materials in the lake, this leak appears to have 
existed for an extended period of time. 
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Table 4. Public Lakes within a 50-Mile Radius 
of Vienna Correctional Center Lake 
Lake Name County Lake Name County 
Anna State Hospital Union Kinkaid Jackson 
Arrowhead Williamson Lake of Egypt Williamson 
Benton Franklin Little Cedar Jackson 
Campus Jackson Little Grassy Williamson 
Carbondale City Lake Jackson Lyerla Union 
Cedar Jackson Macoutah Jackson 
Chautauqua Jackson Marion Williamson 
Christopher New Franklin McLeansboro New Hamilton 
Crab Orchard Williamson Mermet Massac 
Devils Kitchen Williamson Midland Hills Jackson 
Dolan Hamilton Moses Franklin 
Dongola City Reservoir Union Murphysboro Jackson 
Dutchman Johnson Norris City Reservoir White 
Eagle Pond Pulaski Omaha Gallatin 
Eldorado Saline One Horse Gap Pope 
Elkville Jackson Pounds Hollow Gallatin 
Glen O. Jones Saline Rend Franklin 
Glendale Pope Sandy Run White 
Grassy Union Sesser Franklin 
Green River Perry Spring Arbor Jackson 
Hamilton Franklin Sugar Creek Lake Pope 
Harrisburg Old Reservoir Saline Tecumseh Hardin 
Harrisburg Reservoir Saline Vienna City Johnson 
Herrin New Williamson Vienna C.C. Johnson 
Herrin Old Williamson West Frankfort New Franklin 
Hohman Massac West Frankfort Old Franklin 
Horseshoe Alexander Whoopie Cat Hardin 
Johnston City Williamson Zeigler Franklin 
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Other point-source discharges are associated with the stormwater drainage system 
for both prison facilities. One stormwater outlet was noted for the Vienna C.C. facilities 
opposite the northwest corner of the Administration Building. There are two storm drains 
associated with the Shawnee facility that discharge into the stormwater detention basin. 
HYDROLOGIC, BATHYMETRIC, AND SEDIMENTATION ASSESSMENT 
Hydrologic System 
The hydrologic system of Vienna C.C. Lake is composed of the following major 
units: 
• the lake pool, 
• surface drainage from the two main tributaries to the lake, 
• the Shawnee stormwater detention basin, 
• the water-supply withdrawal, and 
• the local sandstone aquifer system. 
Surface Inflow and Outflow Conditions 
For any surface, runoff will be initiated only when precipitation volume has first 
wetted all surfaces and filled all depressions (puddles). Once these initial losses have been 
exceeded, the precipitation rate must exceed the infiltration rate for surface runoff to 
occur. For impervious surfaces (paved surfaces and building roofs), infiltration potential is 
very low, and runoff begins when initial losses have been met. For pervious surfaces (bare 
or vegetated soil and wooded areas), runoff occurs only for storm events that exceed 
infiltration capacity. During most precipitation events, runoff occurs only from impervious 
surfaces or not at all. As a result, the inflow to Vienna C.C. Lake is strongly influenced by 
the Vienna and Shawnee facilities themselves. Impervious rooftops and roadways 
associated with the two centers are the source of a disproportionate portion of the 
watershed runoff. 
As runoff enters the lake, the water-level rises, increasing the volume of water 
stored in the pool. When the water of the lake rises and exceeds the top of the spillway, 
excess flow is passed downstream. Water storage below the spillway level provides a low 
flow water-supply source when stream flow is low or zero. During these low flow periods, 
the stored water volume is subject to additional losses to surface evaporation and, in some 
cases, seepage into the ground. 
Lake levels follow a general trend of steady decline through the summer months 
when evaporation and water-supply withdrawal rates exceed inflow rates; stabilize during 
the fall and winter as the weather cools; and hopefully rise rapidly in the spring in response 
to high precipitation and saturated soil conditions. During most years this spring rise will 
include a surplus that is passed over the spillway. 
The balance of inflows and outflows from the lake will be discussed in more detail 
in a subsequent section. 
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Ground-Water Conditions 
Ground-water availability for development for domestic water use in the area is 
generally limited to shallow wells dug or bored and finished above bedrock. Water from 
bedrock formations is limited to less than 5 gallons per minute. Larger capacity wells may 
be possible in alluvial deposits in stream valleys. 
The Pennsylvanian sandstone that forms the sides of the lake basin is generally 
considered to be a low-yielding formation. Weathering and fracturing of the exposed 
valley walls at the lake site may increase the permeability of the outcrop area. 
In general, ground-water-levels adjacent to the lake probably conform to lake 
levels. Prior to the construction of the lake, ground-water seeps were probably common 
along the valley walls, particularly during the wetter winter and spring seasons. During the 
drier summer and fall periods, this seepage would have been greatly reduced. Following 
construction of the lake, ground-water-levels would have risen to adjust to the new water-
level in the valley. The sandstone would still carry seepage flow into the lake during wet 
seasons, but the higher static water-level may effectively eliminate any flow gradient 
during dry seasons. 
These conclusions are supported by observations of the valley walls during the 
course of the study. Photographs in figure 2 clearly show the presence of frozen seep 
water along the banks of the lake. 
Hydrologic Budget 
The hydrologic budget of Vienna C.C. Lake or any other lake system takes the 
general form: 
Storage change = Inflows - outflows 
In general, inflows to the lake include direct precipitation, watershed runoff, 
ground-water inflow, and pumped input. Outflows include surface evaporation, discharge 
at the lake outlet, ground-water outflow, and withdrawals. For the Vienna C.C. Lake 
pumped inputs are not a factor. However, all other factors must be considered in 
developing an effective hydrologic budget for the lake. 
Data necessary for evaluating various parameters to develop a hydrologic budget 
for the lake were collected for a one-year period (October 1995 to September 1996) 
during the diagnostic phase of the project. Table 5 presents monthly results of this 
monitoring. 
Several elements of this budget analysis were evaluated on the basis of data 
collected during the monitoring period: 
Reservoir storage change was determined on the basis of direct monitoring of the 
lake level during the study. Lake-level data were collected by automatic 
water-level recorder from November 20, 1995, to October 23, 1996. Data 
were collected at 15-minute intervals and recorded at 6-hour intervals or 
less. 
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Figure 2. Frozen seepage water along the north shore cliff face 
Table 5. Summary of the Hydrologic Analysis 
for Vienna Correctional Center Lake, October 1995 to September 1996 
Storage Direct Ground-water Surface Spillway Evaporation Water 
Month change precipitation inflow inflow discharge supply 
(ac-ft) (ac-ft) outflow (-) (ac-ft) (ac-ft) (ac-ft) withdrawal 
(ac-ft) (ac-ft) 
1995 
October -56 9 7 3 0 14 61 
November -14 16 -13 40 0 7 49 
December -13 14 -2 31 0 4 52 
1996 
January 40 19 18 63 0 4 55 
February -11 4 24 19 0 6 51 
March 153 27 36 154 0 12 52 
April 74 34 31 221 142 20 50 
May -8 33 24 262 244 28 55 
June -37 21 -3 76 42 30 59 
July -55 30 -6 11 0 33 58 
August -76 3 4 4 0 29 58 
September -36 34 -18 27 0 21 58 
Annual -37 244 101 910 427 208 657 
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Spillway discharge was also analyzed on the basis of the lake-level records. The 
general spillway rating equation (3.1)(120)(H1.5)was used, where 3.1 is the 
weir coefficient for the spillway, 120 feet is the spillway length, and H is 
the height of water over the spillway. The accuracy of these values was 
compared to two observations of flow downstream of the spillway. 
Direct precipitation was determined on the basis of the precipitation record at the 
University of Illinois' Dixon Springs Experiment Station. 
Daily water-supply withdrawals were obtained from the monthly reports of the 
water treatment plant. 
Evaporation was estimated using average monthly values for Carbondale as 
determined by Roberts and Stall, 1967. On the basis of these available directly measured 
parameters, the following elements of the budget were determined: 
Based on the water-level record frequency, 
Changes in lake storage were estimated by multiplying the periodic change in lake 
stage from the water-level record by the lake surface area to determine net 
inflow or outflow volume in acre-feet. 
Spillway discharge was calculated when the water-level exceeded the spillway 
elevation. 
These less than daily values were then combined into daily values that could 
be analyzed on a daily basis. 
The volume of direct precipitation input to the lake was based on the daily 
precipitation data at Dixon Springs. The precipitation depth was multiplied 
by the lake surface area to determine inflow volume. 
Water-supply withdrawal rates were taken directly from the treatment plant 
record. 
Monthly evaporation rates were reduced to daily values by calculating an average 
daily value for each month. Daily lake surface evaporation volume was 
determined for the study period by multiplying the daily average 
evaporation depth by the lake surface area. 
All of the preceding factors have been directly measured or calculated on the 
basis of a measured parameter. Ground-water inflow and surface 
water inflow could not be determined from direct measurements and 
instead were determined on the basis of a series of sorting steps. 
Following calculation of the determinate factors listed above, the summation of 
daily inflow and outflow values generally left a calculated remainder that 
was distributed to ground-water or surface water on the basis of the 
following sorting procedure: 
1. If the daily spillway discharge was zero and no rainfall occurred during the 
preceding three days, all inflow was attributed to seepage from the ground­
water system. 
2. If there was precipitation during the preceding three-day period or if there 
was discharge over the spillway, the ground-water factor was not 
determined in step 1. In this case, a moving average was used for the 
ground-water parameter based on the step 1 values determined for the 
preceding five-day and following ten-day periods. 
3. If the daily balance indicated an outflow from the lake, it was attributed to 
seepage into the ground-water system. 
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4. Following the determination of the daily ground-water inflow/outflow to 
the system, the surface water inflow to the lake was determined to be any 
remaining inflow volume necessary to achieve a daily balance. 
Table 6 summarizes the hydrologic budget for the one-year monitoring period. The 
inflows and outflows presented in table 6 are accurate within the limits of this analysis. 
During this period, 18.9 percent of the inflow volume to the lake was direct precipitation 
on the lake surface; 70.5 percent was watershed runoff; 7.8 percent was ground-water 
inflow; and a 2.9 percent decrease in storage was observed. Outflow volume was 16.1 
percent evaporation, 33.1 percent spillway overflow, and 50.9 percent water-supply 
withdrawal. 
Sedimentation Survey 
The 1996 sedimentation survey is the only known sedimentation survey of Vienna 
C.C. Lake. Cross sections were laid out at 11 lines across the lake, surveyed, and 
monumented (figure 3). Survey transect lines were distributed longitudinally along the lake 
axis to define loss of depth within the pool area. The transects were permanently 
monumented by installing concrete survey markers or driving a 12-inch spike into a tree or 
sapling to mark the transect ends. Table 7 summarizes the monumentation of the transects. 
At three range end points, no mark was left. Azimuth measurements were made for each 
transect from the zero end of the line to the opposite end point and are also tabulated in 
table 7. 
Horizontal distance along the cross-section transects was measured by stretching a 
marked polyethylene cable between range end points. Water depth (vertical control) was 
referenced to the water surface, and all depths were adjusted to the spillway crest 
elevation. Appendix III presents plots of all surveyed cross-sections. 
Data collected during the field survey were processed and plotted using the Water 
Survey's Geographic Information System (GIS). Depth contours for the lake (figure 3) 
were digitized from hand-drawn contours prepared on the original survey depth plots. 
Surface areas for these contours were used for the depth-volume computation presented in 
table 8. 
Lake Basin Volumes 
Calculations of the lake capacities were made using methods described in the 
National Engineering Handbook of the U.S. Soil Conservation Service (USDA-SCS, 
1968). This method requires the surface area of the lake segments, the cross-sectional area 
and widths of their bounding segments, and a shape factor to determine the original and 
present volume of each segment. These volumes are then summed to determine the total 
lake volume. The reference elevation for the lake was the nominal elevation of the top of 
the spillway crest, 380 feet above mean sea level (ft-msl). 
Table 9 presents the results of the sedimentation survey. Volumes presented in 
table 9 represent the capacity of the lake below the reference spillway elevation. 
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Table 6. Annual Summary of the Hydrologic Budget 
for Vienna Correctional Center Lake, October 1995 to September 1996 
Inflow Outflow Inflow Outflow 
Source volume volume percent percent 
(acre-feet) (acre-feet) 
Storage change 37.1 2.9 
Direct precipitation 243.8 18.9 
Ground-water inflow 100.5 7.8 
Surface inflow 910.2 70.5 
Spillway discharge 426.9 33.1 
Evaporation 207.8 16.1 
Water supply withdrawal 656.9 50.9 
Total 1291.7 1291.7 
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Figure 3. Plan of the 1996 lake sedimentation survey with bathymetric depths 
Table 7. Monumentation Summary for Sedimentation Survey 
Range Ends at Vienna Correctional Center Lake 
Range end Monumentedby:           Azimuth to 
opposite range end 
Rl Concrete post 169 
R2 Lowest vertical post of pumphouse staircase 
R3 No marker 169 
R4 12-inch spike in sapling 
R5 Concrete post 174 
R6 12-inch spike in tree 
R7 Concrete post 162 
R8 No marker 
R9 12-inch spike in tree 164 
R10 12-inch spike in sapling 
R11 12-inch spike in tree 160 
R12 12-inch spike in tree 
R13 12-inch spike in tree 162 
R14 12-inch spike in tree 
R15 12-inch spike in tree 166 
R16 12-inch spike in tree 
R17 12-inch spike in tree 195 
R18 12-inch spike in sapling 
R19 12-inch spike in tree 166 
R20 12-inch spike in sapling 
R17a No marker 242 
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Table 8. Stage Versus Volume and Area for Selected Elevations 
at Vienna Correctional Center Lake, 1996 
Lake level Surface area Capacity  
(feet above msl) (acres) (acre-feet) (million gallons) 
380 75.6 1084 353 
376 70.5 792 258 
372 63.8 523 170 
368 50.4 295 96 
364 37.7 120 39 
360 18.8 9 3 
359 0 0 0 
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Table 9. Sedimentation Survey Results 
for Vienna Correctional Center Lake, 1965 to 1996 
Interval Reservoir Capacity per Sediment 
since Surface storage square mile deposited since 
last survey area capacity of watershed last survey 
(years) (acres) (acre-feet) (mg) (acre-feet) (acre-feet) 
Constructed 1965 1,160 378 931 
Surveyed 1996 31 76.7 1,080 352 867 80 
Computed sediment yield from the watershed  
Annually Per Square Mile Per Acre Per acre 
(acre-feet) (acre-feet) (cubic feet) (tons) 
3 8.20 5.60 1.42 
Note: The watershed included 797 acres. 
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The basin capacity was reduced from 1,160 acre-feet when the lake was 
constructed in 1965 to 1,080 acre-feet in 1996. The 1996 basin capacity was 93 percent of 
the original 1965 capacity. For water-supply purposes, these volumes convert to capacities 
of 378 million gallons (mg) in 1965 and 352 mg in 1996. 
The 1996 water depths for the lake were used to generate the bathymetric map in 
figure 3 as well as the stage-capacity and stage-surface area relationships in figure 4. 
Figure 4 can be used to determine the portion of the capacity of the reservoir that is below 
a given stage elevation. For example, the water volume below the 377 ft-msl contour 
(shown by the dashed line in figure 4) is 260 mg. With time and continued sedimentation, 
an alteration of the spillway elevation, or the implementation of a dredging program, the 
relationships shown in figure 4 will change. 
Sedimentation Rates 
These analyses of sedimentation rates for Vienna C.C. Lake were made in terms of 
delivery rates from the watershed as well as accumulation rates in the reservoir. The in-
lake accumulation rate provides a means of extrapolating from past and present lake 
conditions to future lake conditions in order to evaluate the integrity of the lake as a water 
supply and recreational resource. The watershed delivery rates document the link between 
soil erosion processes in the watersheds, sediment transport processes, and water-supply 
quantity and quality impacts in the reservoir. These delivery rates are an indication of the 
actual sediment yield from the watershed including the reduced sediment transport due to 
field and in-stream re-deposition. Table 9 presents the total volume of sediment deposited 
since 1965 and average delivery rates from various unit watershed plot sizes on an annual 
basis. Sediment delivery from individual watershed plots in a given year will vary due to 
factors including soil type, land use, slope, slope length, precipitation depth and intensity, 
and stream distance between the source area and the lake. 
Factors Affecting Lake Sedimentation Rates 
Sedimentation rates in a lake can vary over time due to changes in either watershed 
or in-lake conditions. Altered watershed conditions affect the sediment delivery rates to 
the lake which can vary over time due to changes in precipitation patterns and 
streamflow variability, and changes in land use patterns. In-lake conditions that might 
affect the sedimentation rate are reduced trap efficiency (due to reduced storage 
capacity) and sediment consolidation. 
Precipitation Patterns 
In the case of Vienna C.C. Lake, representative average annual precipitation for 
the station at Anna, Illinois, since construction of the lake in 1965 was 47.84 inches which 
is only slightly higher than the long-term average annual precipitation, 46.85 inches for 96 
years of record at that station. This similarity between the 1965-1996 period and the 
period of record also holds true for seasonal precipitation averages with only the autumn 
period differing by more than 0.5 inches from the long-term record. This suggests that the 
sediment input rates to the lake have been representative of a long-term average rate over 
the life of the lake. No detailed statistical analysis of precipitation distribution was made to 
evaluate the influence of extreme events on the sedimentation rate. In general, sediment 
transport rates from a watershed are anticipated to be higher for larger storm events and 
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Figure 4. Stage volume area curves 
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runoffs. Sediment transport rates also tend to be greater for winter or spring storms when 
soil is poorly protected due to lack of ground cover. The distribution, range of intensity, 
and seasonal distribution of runoff events also affect sedimentation rates. 
Land Use Patterns 
The most significant change in land use patterns during the life of the lake has 
probably been the construction of the two Correction Centers. Prior to construction, the 
ground covered by these facilities was open ground with good infiltration capacity. 
Following the construction of each facility, a significant portion of the site area was 
converted to impermeable roof and paved surfaces. This increase in impermeable surface 
area has probably increased the discharge of surface water to the lake site but would have 
little or even positive impacts on the rate of sediment delivery to the lake. 
The most significant impact of the Center facilities would have been during the 
construction phase when ground was bare and loosened by disturbance. These 
construction periods might have been important factors in the sedimentation history of the 
lake; however, no records are available to indicate the extent of erosion during those 
periods. 
Trap Efficiency 
The trap efficiency (percentage portion of inflowing sediment captured by the 
reservoir) of the lake was determined using a predictive equation developed by Dendy 
(1974) based on the relationship between the annual capacity to inflow ratio and sediment 
holding capacity. The trap efficiency of Vienna C.C. Lake has been constant at 97 percent 
since its construction. 
Sediment Consolidation 
Consolidation of the lake sediments over time affects the sedimentation rate of the 
lake by reducing the volume of accumulated sediments. Sediments accumulate on the 
bottom of the lake in a very loose, fluid mass. As these sediments are covered by 
continued sedimentation or are exposed by occasional lake drawdown, they are subject to 
compaction. This process reduces the volume of the sediments while increasing the weight 
per unit volume. 
Longitudinal Distribution of Deposited Sediment 
Table 10 shows the longitudinal distribution of sediment in the lake. Figure 5 
presents the 1996 average sediment thickness and mass distribution for the lake as well as 
for each segment. Sediment thicknesses range from 1 to 3 feet. 
The sediment mass distribution presented in figure 5 indicates the variation of 
sediment characteristics within the lakes. In general, coarser sediments are expected to be 
deposited in the upstream portion of a lake where the entrainment velocities of the 
inflowing stream are reduced to the much slower velocities in the lake environment. These 
coarser sediments tend to be denser when settled and are subject to drying and higher 
compaction rates due to more frequent drawdown exposure in the shallow water 
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Table 10. Summary of Vienna Correctional Center Lake Sedimentation Distribution 
Original 1996 Percent Annual 
Segment Surface average average Original 1996 volume loss 
number area depth depth Volume Volume loss rate Tonnage 
(acres) (feet) (feet) (acre-feet) (acre-feet) 
1 4.4 21.2 20.3 93 89 4.1 0.13 1,171 
2 7.1 21.3 20.5 151 145 3.8 0.12 1,759 
3 14.1 17.2 16.6 242 233 3.7 0.12 3,165 
4 7.1 17.0 16.3 121 116 4.4 0.14 2,201 
5 8.4 16.2 15.4 137 130 5.1 0.16 3,227 
6 7.5 14.7 13.9 111 104 5.8 0.19 3,165 
7 5.7 14.3 13.4 82 77 6.4 0.21 3,111 
8 5.4 12.7 11.5 69 63 9.4 0.30 3,841 
9 5.6 12.2 10.4 69 59 14.1 0.45 9,098 
10 4.4 10.6 8.1 46 35 23.9 0.77 9,816 
11 4.1 5.5 3.7 22 15 33.2 1.07 6,137 
12 2.7 6.3 4.9 17 13 21.5 0.69 3,221 
Total 76.7 15.1 14.1 1,160 1,080 7.0 0.22 49,912 
Figure 5. Sediment distribution in Vienna Correctional Center Lake 
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environment. As the remaining sediment load of the stream is transported through the 
lake, sediment particles became increasingly finer and the unit weight of the sediments 
decreases. 
More frequent dewatering and coarser grain sizes combine to increase the 
compaction of the sediments in the upper end of the lake. This is also indicated by the 
variation in dry unit weight of the lake sediments which increase from 14 pounds per cubic 
foot near the dam to more than 40 pounds per cubic foot in the upper end of the lake. 
Average unit weight of the lake sediments was 28.4 pounds per cubic foot. 
Sediment Grain Size Distribution 
A total of 11 lakebed sediment samples were collected for grain size distribution 
analysis. Field examination of these samples indicated little or no apparent sand size 
material in the samples collected. This would be consistent with general observations 
concerning sediment distribution in Illinois lakes (Fitzpatrick et al., 1987; Bogner, 1986). 
These and other sources indicate that occurrence of sand exceeding 10 percent is unusual 
for samples collected from lake sediments. 
Appendix IV presents the laboratory analyses of the samples collected for sediment 
particle size distribution analyses at Vienna C.C. Lake. Particle size distribution graphs in 
figure 6a show the distribution for samples collected from the top surface of the lake 
sediments. These samples were collected from the midpoint of each transect from R l l -
R12 to the upper end of the lake. These distributions show decreasing particle sizes for the 
deposited sediments from the inflow point to the longitudinal midpoint of the lake. Figure 
6b concludes the presentation of plots of the surface sediment particle size distributions 
from the lower end of the lake. These samples all have very similar particle size 
distributions in this deep water portion of the lake. 
This reduction in deposited sediment particle sizes is consistent with all other 
Illinois impoundment lakes for which particle size distribution data are available. The 
reduction is caused by the natural sorting of the inflowing sediments in the lake 
environment. Coarser sediments are deposited as the inflowing stream water is first slowed 
by entering the lake. As water moves through the lake, the sediments suspended in the 
water column become finer as all coarser size fractions come out of suspension. At the 
dam, the suspended sediments are predominantly colloidal and organic materials. 
LIMNOLOGICAL ASSESSMENT: 
BASELINE AND CURRENT DATA 
In order to evaluate the lake water quality, both historical and current limnological 
data were gathered. A sampling program was developed to collect data from the lake and 
its tributaries for 12 consecutive months from October 1995 through September 1996, and 
these data are referred to as the current baseline data. In situ monitoring and water and 
sediment sample collections were conducted. In addition, a survey for macrophytes, a 
bathymetric survey, stage level measurements, and flow determinations were carried out 
as required. Historical data were obtained from IEPA and ISWS data and other 
publications as noted. 
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Figure 6. Particle size distribution plots for Vienna Correctional Center Lake
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Morphometric Data 
Table 1 lists the pertinent morphometric details regarding Vienna C.C. Lake. 
Materials and Methods 
Field Measurements 
In order to assess the current conditions of the lake, certain physical, chemical, and 
biological characteristics were monitored between October 26, 1995, and October 23, 
1996. The lake was monitored monthly from October through May and twice a month 
during the remaining period, for a total of 16 visits. Because the tributary creeks for the 
lake are ephemeral in nature, tributary samples were rarely collected during these regularly 
scheduled visits to the lake; instead, two special trips were made in 1996 on April 30 and 
May 6 to collect tributary samples during storm events. Figure 7 shows the locations of 
the lake and tributary monitoring stations. In addition to periodic water sample collections, 
surficial sediment samples were collected twice at stations 1 and 3; and samples for 
collection and identification of macrophytes were collected on June 12, 1996. Table 11 
outlines the protocol for field data collection, including the type and frequency of 
observations required during the one-year data gathering effort. 
In situ observations for temperature, dissolved oxygen (DO), conductivity, pH, 
and Secchi disc readings were made at the sampling sites on the lake. Temperature and 
DO measurements were obtained in the water column at 1-foot intervals from the surface. 
Secchi disc transparencies were measured using an 8-inch diameter Secchi disc, 
which was lowered until it disappeared from view, and the depth was noted. The disc was 
lowered further, then slowly raised until it reappeared. This depth was also noted, and the 
average of the two depths was recorded. Secchi disc visibility is a measure of a lake's 
water transparency or its ability to allow sunlight penetration. 
Water Chemistry 
Grab samples for water chemistry analyses were collected near the surface (1 foot 
below) and near the bottom (2 feet above the lake bottom if the water depth exceeded 10 
feet) in two 500-milliliter (mL) plastic containers. Water samples for nutrient analyses 
were collected in 125-mL plastic bottles with and without filtration (0.45-micrometer or 
um membrane filter) that contained reagent-grade sulfuric acid as preservative. These 
samples were kept on ice until transferred to the laboratory for analyses. Samples for 
metals were collected in 500-mL plastic bottles containing reagent-grade nitric acid as 
preservative. Samples for organic analyses were collected in 1-gallon dark amber bottles 
filled to the brim without any head space. Appendix V provides the methods and 
procedures involved in the analytical determinations. 
Chlorophyll and Phytoplankton 
Vertically integrated samples for chlorophyll and phytoplankton were collected 
using a weighted bottle sampler with a half-gallon plastic bottle. The sampler was 
loweredat a constant rate to a depth twice the Secchi depth, or to 2 feet above the bottom 
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Figure 7. Lake access, standard sampling locations, and shoreline erosion survey 
Table 11. Protocol for Field Data Collection in Vienna Correctional Center Lake 
A. Sites (Three sites along the length of the lake) 
1. The deepest point in the lake 
2. The longitudinal midpoint of the lake 
3. The shallow end of the lake (less than 3 feet) 
B. Sample depths 
1. Dissolved oxygen/temperature profiles 
2. Water samples from 1 foot below the surface and 2 feet above the 
lake bottom (when depth exceeds 10 feet) 
3. Chlorophyll samples integrated through the euphotic zone 
C. Sample parameters and frequency 
1. Field-measured parameters 
Field observations 
Secchi disc transparency 
Dissolved oxygen/temperature profiles at 2 foot intervals 
Laboratory-analyzed parameters samples during each site visit 
pH 
Conductivity 
Total solids 
Total suspended solids 
Volatile suspended solids 
Total and phenolphthalein alkalinity 
Total and dissolved phosphorus 
Ammonia nitrogen 
Nitrate and nitrite nitrogen 
Total kjeldahl nitrogen 
Chlorophyll a 
Chemical oxygen demand (COD) 
2. Organics and metals (water and bed sediments) samples twice 
Arsenic 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
35 
Table 11. Concluded 
Manganese 
Total kjeldahl nitrogen 
Total phosphorus 
Volatile solids 
Aldrin 
Dieldrin 
Endrin 
Methoxychlor 
Heptachlor epoxide 
Lindane 
DDT 
PCB's 
D. Macrophyte Survey 
Mapped once during summer 
Areal extent and species inventory 
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of the lake, and raised at a constant rate to the surface. For chlorophyll analysis, a 
measured amount of sample was filtered through a Whatman GF/C (4.7-centimeter or cm 
glass microfibre filter) using a hand-operated vacuum pump. The chlorophyll filters were 
then folded into quadrants, and wrapped in aluminum foil, and the filtrate volume was 
measured using a graduated cylinder. Filters were kept frozen in the laboratory until 
analysis. Chlorophyll a was determined by (APHA et al., 1992). 
Indicator Bacteria 
Bacterial samples from the lake and the tributary were examined for total coliform 
(TC), fecal coliform (FC), and fecal streptococcus (FS). Procedures from Standard 
Methods for the Examination of Water and Wastewater (APHA et al., 1992) for using 
0.45-µm membrane filters were employed in the bacterial determinations. For TC density, 
one-step LES Endo agar at 35°C for 22 + 2 hours was used. Fecal coliforms were grown 
in M-FC agar in a water bath (44.5 ± 0.2°C) for 22 + 2 hours. To test for FS, the filter 
was incubated on KF streptococcus agar at 35°C for 48 + 2 hours. 
Macrophytes 
A reconnaissance survey of the macrophyte beds was conducted on June 13, 1996, 
using a boat and a lake map. The macrophyte beds were probed thoroughly with a garden 
rake to determine the presence/absence of macrophytes, type and qualitative assessment of 
densities of vegetation (dense, medium, sparse, etc.), and other parameters. The survey 
enabled the delineation of the areal extent and abundance of macrophytes in the lake and 
the tentative selection of sites for quantitative sampling of macrophytes. 
Sediment 
Surficial sediment samples were collected using an epoxy-coated Ekman dredge. 
Portions of each sample were placed in a 250-mL plastic bottle for metal and nutrient 
analysis and in a specially prepared 200-mL glass bottle for trace organics analyses 
according to the IEPA Quality Assurance and Field Methods Manual (IEPA, 1987). 
Particle-size analyses of the surficial sediments were conducted using the hydrometer 
analysis procedure, American Society of Testing and Materials (ASTM) D422-63. 
Data Analyses 
Statistical analyses were performed with Duncan's multiple range test (Federer, 
1955) to compare the mean concentrations of each water quality parameter among the 
four routine lake sampling stations (station 1 surface and bottom, station 2 surface, and 
station 3 surface). The arithmetic mean of one-year data collected for each parameter was 
used. In addition, Secchi transparency was also analyzed for the cold and warm weather 
periods of the three surface stations. 
Shoreline and Lake Area Survey 
Shoreline erosion and surrounding lake uses at Vienna C.C. Lake were surveyed 
on June 12, 1996, and figure 7 depicts the results of that survey. Locations of the sampling 
stations are also shown in the figure. The south side shoreline and one-third of the west 
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shoreline are wooded area with rock shore. The other section of the shoreline is open with 
soil bank. Bushes grow on these banks sparsely. An earth dam constitutes the east shore. 
A boat ramp on the north shore provides boat access to the lake. A shelter with 
picnic facility is located across a bay from the boat ramp. The water treatment plant is 
located at the southeast corner of the lake. The power plant (coal burning) and the ethanol 
plant are also located on the south side of the lake. 
Two cattle feedlots on the north side of the road adjoin the north shore of the lake. 
The east feedlot is not within the watershed of the lake. Drainage from the west feedlot 
with more than 100 head of cattle flows through a small intermittent creek into the lake. 
During the summer of 1996, the cattle operation was closed. 
Picnic tables and outdoor stoves are available near the shelter. There is no 
shoreline erosion problem in the lake. Only a very small portion of shoreline on the 
northeast area has slight erosion due to wave action. 
In-Lake Water Quality 
Appendix IV lists the analytical results of routine water samples collected from 
four locations in the lake. Water quality data provided include Secchi disc transparency, 
pH, alkalinity (phenolthalein and total), conductivity, phosphorus (total and dissolved), 
nitrogen (ammonia, nitrite and nitrate, and total kjeldahl), solids (total, total suspended, 
and volatile suspended), chemical oxygen demand (COD), chlorophyll a, iron, and 
manganese. Site depths and sampling dates were also recorded. 
Table 12 lists the mean concentrations of the water quality parameters for four 
sampling stations as well as the results of statistical analyses of differences in means. Note 
a of the table suggests that there are no significant differences in Secchi transparency, 
nitrate/nitrite nitrogen, and chlorophyll a among the three or four stations. However, for 
the winter period (October 1995 through February 1996), means of Secchi transparency at 
stations 1 (109 inches) and 2 (106 inches) were significantly higher than that at station 3 
(48 inches). For the other period (spring through fall), no difference in mean Secchi 
transparency was observed among the three stations. 
As shown in table 12 (note b), the mean pH values at stations IS, 2, and 3 were 
statistically greater than at station 1B. For other parameters (note c) in table 12 (total 
alkalinity, conductivity, total and dissolved phosphorus, ammonia and total kjeldahl 
nitrogen, total and volatile suspended solids, total solids, COD, iron, and manganese), 
there were no significant differences in mean concentrations among stations 1S, 2, and 3; 
but they were significantly less than at station 1B. 
Physical Characteristics 
Temperature and Dissolved Oxygen 
Lakes in the temperate zone generally undergo seasonal variations in temperature 
throughout the water column. These variations, with their accompanying phenomena, are 
perhaps the most influential controlling factors within the lakes. 
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Table 12. Mean Water Quality (1995 -1996) 
and Statistical Analyses 
Results of 
Station 1 Station 2, Station 3, statistical 
Surface Bottom surface surface analyses 
Secchi transparency, inches 67.2 63.1 45.3 a 
pH 8.20 7.45 8.16 8.22 b 
Total alkalinity, mg/L as       CaCO3 45 60 44 42 c 
Conductivity, umho/cm 147 172 147 144 c 
Phosphorus, mg/L 
Total 0.030 0.113 0.038 0.036 c 
Dissolved 0.012 0.067 0.013 0.013 c 
Nitrogen, mg/L 
Total kjeldahl 0.869 2.146 0.784 0.763 c 
Ammonia 0.161 1.029 0.147 0.124 c 
Nitrate/nitrite 0.134 0.137 0.156 0.122 a 
Solids, mg/L 
Total suspended 3.6 8.6 4.3 4.5 c 
Volatile suspended 2.5 5.6 3.1 3.3 c 
Total 98.6 113.0 97.1 98.5 c 
COD, mg/L 17.8 25.6 18.3 19.4 c 
Chlorophyll a, µg/L                 7.5 - 9.6 11.2 a 
Iron, mg/L 0.23 1.55 0.23 0.24 c 
Manganese, mg/L 0.51 5.06 0.50 0.50 c 
Total depth, feet 20.2 13.2 7.4 
Notes: 
a = No significant difference among three or four means. 
b = Stations 1 surface (1S), 2, and 3 are significantly greater than station 1 bottom, 
(1B), and no differences among stations 1S, 2, and 3. 
c = Stations 1S, 2, and 3 are significantly less than station 1B, and no differences 
among stations 1S, 2, and 3. 
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The temperature of a deep lake in the temperate zone is about 4°C during early 
spring. As air temperatures rise, the upper layers of water warm up and are mixed with the 
lower layers by wind action. Spring turnover is complete mixing of a lake when the water 
temperature is uniform from top to bottom. By late spring, differences in thermal density 
cause the mixing to cease, and the lake approaches the thermal stratification of the 
summer season. Almost as important as water temperature variations is the physical 
phenomenon of increasing density with decreasing temperature. These two interrelated 
forces are capable of creating strata of water of vastly different characteristics within the 
lake. 
During thermal stratification, the upper layer (epilimnion) is isolated from the 
lower layer of water (hypolimnion) by a temperature gradient (thermocline). Temperatures 
in the epilimnion and hypolimnion are essentially uniform. The thermocline will typically 
have a sharp temperature drop per unit depth from the upper to the lower margin. When 
thermal stratification is established, the lake enters the summer stagnation period, so 
named because the hypolimnion becomes stagnated. 
With cooler air temperatures during the fall season, the temperature of the 
epilimnion decreases and density of the v/ater increases. This decrease in temperature 
continues until the epilimnion is the same temperature as the upper margin of the 
thermocline. Successive cooling through the thermocline to the hypolimnion results in a 
uniform temperature throughout the water column. The lake then enters the fall circulation 
period (fall turnover) and is again subjected to a complete mixing by the wind. 
Declining air temperatures and the formation of ice cover during the winter 
produce a slightly inverse thermal stratification. The water column is essentially uniform in 
temperature at about 3 to 4°C, but slightly colder temperatures of 0 to 2°C prevail just 
below the ice. With the advent of spring and gradually rising air temperatures, the ice 
begins to disappear, and the temperature of the surface water rises. The lake again 
becomes uniform in temperature, and spring circulation occurs (spring turnover). 
The most important phase of the thermal regime from the standpoint of 
eutrophication is the summer stagnation period. The hypolimnion, by virtue of its 
stagnation, traps sediment materials such as decaying plant and animal matter, thus 
decreasing the availability of nutrients during the critical growing season. In a eutrophic 
lake, the hypolimnion becomes anaerobic or devoid of oxygen because of the increased 
content of highly oxidizable material and because of its isolation from the atmosphere. In 
the absence of oxygen, the conditions for chemical reduction become favorable and more 
nutrients are released from the bottom sediments to the overlying waters. 
However, during the fall circulation period, the lake water becomes mixed, and the 
nutrient-rich hypolimnetic waters are redistributed. The nutrients that remained trapped 
during the stagnation period become available during the following growing season. 
Therefore, a continuous supply of plant nutrients from the drainage basin is not mandatory 
for sustained plant production. After an initial stimulus, the recycling of nutrients within a 
lake might be sufficient to sustain highly productive conditions for several years. 
Impoundment of running water alters its physical, chemical, and biological 
characteristics. The literature is replete with detailed reports on the effects of 
impoundments on various water quality parameters. Physical changes in the configuration 
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of the water mass following impoundment reduce reaeration rates to a small fraction of 
those of free-flowing streams. Where the depth of impoundment is considerable, thermal 
stratification acts as an effective barrier for the wind-induced mixing of the hypolimnetic 
zone. Oxygen transfer to the deep waters is essentially confined to the molecular diffusion 
transport mechanism. 
During the period of summer stagnation and increasing water temperatures, the 
bacterial decomposition of the bottom organic sediments exerts a high rate of oxygen 
demand on the overlying waters. When this rate of oxygen demand exceeds oxygen 
replenishment by molecular diffusion, anaerobic conditions begin to prevail in the zones 
adjacent to the lake bottom. Hypolimnetic zones of artificial impoundments were also 
found to be anaerobic within a year of their formation (Kothandaraman and Evans, 1983 a, 
19.83b). 
Figures 8a and 8b show the isothermal and isodissolved oxygen concentration 
plots for Vienna C.C. Lake at stations 1 and 2, respectively. Maximum depths at these 
stations exceeded 10 feet when the lakes typically exhibit the thermal stratification during 
summer months. Figure 9 shows temperature and dissolved oxygen (DO) profiles on 
selected dates for station 3, a shallow station with a maximum depth of less than 10 feet. 
All the observed data for DO and temperature in Vienna C.C. Lake are available in open 
files at ISWS. 
An examination of the isothermal and isodissolved oxygen profiles at station 1 
indicates that the temperature and DO concentrations are uniform from the surface to the 
near bottom water layers or very nearly so from October to April. Then the lake exhibits a 
very typical stratification phenomenon: stratification sets in during the middle of April, 
intensifies and reaches a peak quickly by early May, and remains so through the middle of 
September. Fall turnover occurs by the end of September. The maximum temperature 
gradient at station 1 was 19.8°C on August 6, 1996. 
Concomitant with the thermal stratification in the lake, DO depletion in the deeper 
waters intensifies, being a mirror reflection of the thermal stratification phenomenon. The 
DO is more or less uniform throughout the lake from October to April. It begins to 
decrease in the bottom waters in early May. Oxygen depletion reaches a peak by the end 
of May and remains so through mid-September. The lake becomes uniform in DO when 
the fall turnover occurs in late September or early October. There was no oxygen at 
depths below 10 feet from the surface (July 16, 1996). Any raw water withdrawal for 
water-supply purposes near or below the thermocline has serious implications. Water 
withdrawal from an anoxic zone is known to result in increased treatment costs and taste 
and odor problems because of the presence of products of anaerobic decomposition such 
as iron, manganese, ammonia, and other chlorine demanding materials (Kothandaraman 
and Evans, 1982). During the period of thermal stratification, nearly 38 percent of lake 
volume is devoid of oxygen. 
Generally, the observations made for station 1 hold true for station 2 also (figure 
8b). The temperature and DO profiles shown for station 3 (figure 9) are nearly uniform 
from top to bottom except during May, June, and July when significant temperature 
gradients existed, particularly during May and June.When the near bottom waters were 
anoxic in spite of the wind-induced mixing of the shallow portions of the lake. 
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Figure 8. Iso-temperature and iso-dissolved oxygen plots 
Figure 9. Dissolved oxygen and temperature profiles 
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Tables 13-15 provide percent DO saturation values determined for the observed 
DO and temperature for stations 1, 2, and 3, respectively. Saturation DO values were 
computed using the formula (Committee on Sanitary Engineering Research, 1960): 
DO = 14.652 - 0.410022T + 0.0079910T2 - 0.000077774T3 
where 
DO = the saturation DO, mg/L 
T = water temperature, °C 
The highest percent saturation values observed at stations 1, 2, and 3 were 132, 
132, and 138, respectively. All occurred during August. Generally, the supersaturation 
values observed in Vienna C.C. Lake are not very high compared to the observations for 
Illinois Lakes elsewhere (Kothandaraman and Evans, 1983a, 1983b). This is primarily due 
to the fact that the lake did not experience algal blooms as evidenced by low chlorophyll a 
concentrations. Also the lake is somewhat protected from the prevailing south wind by the 
high rocky outcrop along the south shoreline and other tall buildings and trees (power 
plant, ethanol plant, prison administrative building, etc.). Data presented in these tables 
clearly bring out the fact that the oxygen conditions in the lake at depths below 10 feet 
from the surface are poor during the summer months. 
Secchi Disc Transparencies 
Secchi disc visibility is a measure of a lake's water transparency, which suggests 
the depth of light penetration into a body of water (its ability to allow sunlight 
penetration). Even though the Secchi disc transparency is not an actual quantitative 
indication of light transmission, it serves as an index and a means of comparing similar 
bodies of water or the same body of water at different times. Since changes in water color 
and turbidity in deep lakes are generally caused by aquatic flora and fauna, transparency is 
related to this entity. The euphotic zone or region of a lake where enough sunlight 
penetrates to allow photosynthetic production of oxygen by algae and aquatic plants is 
taken as two to three times the Secchi disc depth (USEPA, 1980). 
Secchi transparency observed for Vienna C.C. Lake ranged from 32 inches at 
station 3 on March 12, 1996, to 133 inches at both stations 1 and 2 on December 12, 1996 
(appendix VIa). For station 3, the yearly range of water transparency was fairly in a 
smaller range (32-66 inches). In certain cases, transparency can be limited by the water 
depth. High transparency occurred at stations 1 and 2 during November 1995 through 
February 1996. At stations 1 and 2, Secchi transparencies were almost identical for each 
sampling date. Secchi disc transparencies < 24 inches represent a level of lake impairment 
(IEPA, 1978). This is not the case for Vienna C.C. Lake. At station 1, generally 
representative of the lake, Secchi transparencies between 24 and 48 inches occurred 18 (3 
out of 17) percent of the time, and > 48 inches for 82 percent of the time. The minimum 
recommended Secchi transparency set by the Illinois Department of Public Health for 
bathing beaches is 48 inches. Nevertheless, a lake that does not meet the transparency 
criteria does not necessarily constitute a public health hazard. 
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Table 13. Percent Dissolved Oxygen Saturation in Vienna Correctional Center Lake, Station 1 
Depth, 
feet JO/26/95 11/20 12/12 1/8/96 2/14 3/11 4/15 5/21 6/6 6/18 7/1 7/16 8/6 8/20 9/10 9/23 10/23 
0 72 85 85 92 97 104 
1 84 84 87 115 123 128 120 118 127 131 98 91 66 
2 69 84 86 92 96 103 119 119 125 130 108 90 65 
3 83 83 86 116 124 126 119 120 125 129 108 92 64 
4 69 92 92 103 119 121 126 132 108 94 64 
5 83 83 86 107 124 124 119 121 122 132 106 92 65 
6 69 91 94 103 119 114 120 132 105 93 63 
7 83 82 86 83 121 119 116 112 124 132 103 93 63 
8 68 91 92 103 77 119 99 119 131 82 89 63 
9 83 82 86 62 107 81 113 60 102 104 80 62 
10 66 92 92 103 39 40 98 13 71 50 56 85 62 
11 84 82 86 23 2 35 63 2 32 6 11 78 62 
12 63 92 91 103 14 19 1 18 1 4 63 62 
13 81 83 86 11 3 3 1 11 5 1 42 62 
14 63 91 91 103 12 9 10 53 0 29 61 
15 80 83 12 2 14 1 40 0 26 61 
16 64 91 90 103 2 1 1 0 22 60 
17 80 83 1 1 1 1 0 16 61 
18 66 81 90 90 102 1 0 1 0 15 61 
19 66 80 88 1 1 0 1 15 61 
20 102 1 0 1 
21 100 0 1 1 1 
22 1 1 0 
Table 14. Percent Dissolved Oxygen Saturation in Vienna Correctional Center Lake, Station 2 
Depth, 
feet JO/26/95 11/20 12/12 1/8/96 2/14 3/11 4/15 5/21 6/6 6/18 7/1 7/16 8/6 8/20 9/10 9/23 10/23 
0 71 88 84 93 105 104 
1 87 82 116 129 132 120 124 131 132 109 81 72 
2 71 87 92 104 102 115 120 124 128 132 102 79 67 
3 82 128 131 120 123 126 132 99 84 67 
4 70 86 82 92 99 101 112 140 119 120 120 132 100 82 67 
5 82 125 158 118 114 120 132 99 77 67 
6 69 86 93 97 101 107 144 116 110 122 132 102 76 67 
7 82 112 123 102 95 115 126 101 70 67 
8 68 85 93 94 100 90 95 92 67 108 112 96 77 67 
9 82 53 53 68 80 34 93 81 74 67 
10 67 85 92 92 98 29 27 44 1 47 25 60 67 67 
11 82 90 13 2 5 25 4 23 1 4 60 67 
12 67 86 87 96 1 1 9 7 12 1 1 49 
13 88 1 1 2 9 1 20 
14 1 1 1 1 
15 1 1 1 1 
Table 15. Percent Dissolved Oxygen Saturation in Vienna Correctional Center Lake, Station 3 
Depth, 
feet JO/26/95 11/20 12/12 1/8/96 2/14 3/11 4/15 5/21 6/6 6/18 7/1 7/16 8/6 8/20 9/10 9/23 10/23 
0 91 101 96 97 108 94 
1 99 94 117 125 128 128 124 135 135 85 76 
2 92 98 102 107 93 128 126 136 135 91 78 
3 97 95 118 122 134 123 124 138 136 91 76 
4 95 101 107 92 164 117 120 135 132 88 77 
5 95 114 122 154 104 116 124 129 88 76 
6 100 114 92 117 101 102 107 114 110 90 75 
7 103 102 42 89 80 94 104 107 77 
8 92 89 24 12 59 
9 89 41 55 1 13 
10 21 9 1 
Chemical Characteristics 
pH 
It is generally considered that pH values above 8.0 in natural waters are produced 
by a photosynthetic rate that demands more carbon dioxide than the quantities furnished 
by respiration and decomposition (Mackenthun, 1969). Photosynthesis by aquatic plants 
uses carbon dioxide, removing it from bicarbonate, when no free carbon dioxide exists in 
the water column. Decomposition and respiration of biota tend to reduce pH and increase 
bicarbonates. Most Illinois lakes have a pH between 6.5 and 9.0. The IPCB (1990) 
standard of pH for general-use water quality is also in a range between 6.5 and 9.0, except 
for natural causes. 
The pH levels at the lake surface waters ranged from 7.31 at station 3 on October 
23, 1996 to 9.30 at station 1 on June 6, 1995. As shown in appendix VIa, c, and d, higher 
surface pH occurred during summer month; especially in June. Values were near or above 
9.0 due to photosynthetic activity. Seven of 50 surface waters (13 percent) had pH > 9.0. 
As mentioned previously, pH levels at the three surface stations were similar, with a mean 
pH of 8.2. 
Station IB pH levels were lower than those for surface waters, as mentioned 
earlier. Station IB had pH between 7.13 and 7.87, with a mean of 7.45. No pH value less 
than 6.5 was observed. 
Alkalinity 
Alkalinity is a measure of water's acid-neutralizing capacity expressed in terms of 
an equivalent amount of calcium carbonate (CaCO3). Alkalinity is primarily the result of 
carbonates, bicarbonates, and hydroxide ions in water. Total alkalinity is the sum of acid 
required to bring water to a pH of 4.5. Phenolphthalein alkalinity is the amount of acid 
needed to bring the water to a pH of 8.3. 
Lakes with low alkalinity have the potential to be susceptible to acid rain damage. 
However, Illinois lakes usually have high alkalinity and thus are well buffered from the 
impacts of acid rain. 
Phenolphthalein Alkalinity. Surface water samples collected had pH values > 8.3 
only during a period from June 6 to September 6, 1996. Phenolphthalein alkalinity at the 
three surface stations during this period was between 0.4 and 3.7 mg/L as CaCO3 
(appendices VIb, d, and e). Approximately 60 percent of surface waters had no 
phenolphthalein alkalinity. Near-bottom water samples had no phenolpthalein alkalinity at 
all. 
Total Alkalinity. Total alkalinity as CaCO3 of 50 surface waters collected from 
stations 1, 2, and 3 ranged from a low of 29 mg/L on July 1, 1996, to a high of 96 mg/L 
on August 6, 1996 both occurring at station 1 (appendices VIb, d, and e). Stations 2 and 3 
had much smaller ranges. The annual mean, total alkalinity for stations 1, 2, and 3 was 45, 
44, and 42 mg/L as CaCO3, respectively. These values were low compared to the lakes in 
central and northern Illinois. 
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Total alkalinity values observed at near-bottom station 1B were significantly higher 
than in surface waters: between 29 and 134 mg/L with a mean value of 9 mg/L as CaCO3. 
Conductivity 
Specific conductance provides a measure of a water's capacity to convey electric 
current and is used as an estimate of the dissolved mineral quality of water. This property 
is related to the total concentration of ionized substances in water and the temperature at 
which the measurement is made. Specific conductance is affected by factors such as the 
nature of dissolved substances, the relative concentrations, and the ionic strength of the 
water sample. The geochemistry of the drainage basin is the major factor determining the 
chemical constituents in the waters. Practical applications of conductivity measurements 
include determination of the purity of distilled or deionized water, quick determination of 
the variations in dissolved mineral concentrations in water samples, and estimation of 
dissolved ionic matter in water samples. 
The conductivity values of surface water samples were between 124 u.mho/cm at 
25°C for station 3 on October 26, 1995 (appendix VId) and 161 u.mho/cm for stations 1 
and 2 on October 23, 1996 (appendices VIa and c). As can be seen in table 12, the mean 
values for these three surface stations were almost identical (144-147 u.mho/cm at 25°C). 
Similar to total alkalinity, conductivity increases in the near-bottom waters and ranged 
from 148 to 269 umho/cm with a mean of 172 mg/L. 
Conductivity levels in Vienna C.C. Lake were relatively lower in comparison to 
other Illinois lakes. Raman and Bogner (1994) reported that the mean and range of 
conductivity levels (in umho/cm at 25°C) for surface and near-bottom samples, 
respectively, were 373, 296-450, 382, and 282-468 for Lake 1; 381, 312-456, 466, and 
238-747 for Lake 2; and 573, and 433-714 for Lake 3 site 1 in Frank Holten State Park 
Lakes in southern Illinois. The Illinois General Use Water Quality Standard for total 
dissolved solids is 1,000 mg/L, which is approximately equivalent to a conductivity of 
1,700 umho/cm. The observed conductivity results for Vienna C.C. Lake are very low 
compared to the stipulated upper limit. The low alkalinity and conductivity of the lake 
waters are an indication of low dissolved solids. 
Total Suspended Solids, Volatile Suspended Solids, and Total Dissolved Solids 
In natural waters, dissolved solids consist mainly of carbonates, bicarbonates, 
sulfates, chlorides, phosphates, nitrates, calcium, magnesium, and potassium, with traces 
of iron, manganese, and other substances. The constituent composition of these minerals 
depends to a large extent on the geochemistry of the area that contributes to the surface or 
ground-water resource. The amount of suspended solids found in impounded waters is 
small compared to the amount found in streams, because solids tend to settle to the 
bottom in lakes. However, in shallow lakes, this aspect is greatly modified by wind and 
wave actions and by the type and intensity of use to which these lakes are subjected. 
All salts in solution change the physical and chemical nature of the water and exert 
an osmotic pressure. Some have physiological as well as toxic effects. However, possible 
synergistic or antagonistic interactions between mixed salts in solution may cause the 
effects of salts in combination to be different than the effects of salts occurring separately. 
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Greeson (1971) observed that a high dissolved solids content in Oneida Lake (New 
York) in 1967 and 1969 accompanied high algal production, while low dissolved solids 
content in 1968 accompanied lower algal production. He concluded that these 
relationships indicate that dissolved solids content is an important index of potential 
productivity conditions, because no element, ion, or compound is likely to be a limiting 
factor on algal production when the dissolved solids content is high. 
Total Solids. Total solids (TS) are the residue that remains when a well-mixed 
sample is evaporated in a weighed dish and dried to a constant weight in an oven at 103 to 
105°C. The increase in weight over that of the empty dish represents the TS. This includes 
"total suspended solids," the portion of TS retained by a filter, and "total dissolved 
solids," the portion that passes through the filter (APHA et al., 1992). 
Surface water TS concentrations were between 84 mg/L at station 2 on August 6, 
1996 and 126 mg/L at station 1 on June 8, 1996 (appendix VIa, c, and d). Mean TS values 
were almost identical, i.e., 97.1 - 98.6 mg/L (table 12). The TS levels for near-bottom 
waters at station IB were higher than for surface waters and ranged from 88 mg/L on 
January 8, 1996 to 180 mg/L on September 23, 1996 (appendix VIc) with an average of 
113 mg/L. 
Total and Volatile Suspended Solids. Total suspended solids (TSS) represent 
material residue left on a filter < 2.0 micrometers (µm) normal pore size, and this is a 
standard measure for inorganic and organic materials suspended in the water column. 
Typical inorganic components originate from the weathering and erosion of rocks and 
soils in a lake's watershed and resuspension of lake sediments. Organic components are 
derived from a variety of biological origins, but in a lacustrine environment they are mainly 
composed of algae and resuspended plant and animal material from the lake bottom. 
Volatile suspended solids (VSS) indicate the fraction of TSS that is organic in nature or 
the portion of TSS lost to ignition at 500 ± 50°C. 
The amount of suspended solids found in impounded waters is small compared to 
the amount found in streams, because solids tend to settle to the bottom in lakes. 
However, in shallow lakes, this aspect is greatly modified by wind and wave actions and 
by the type and intensity of use to which these lakes are subjected. 
A high TSS concentration results in decreased water transparency, which can 
reduce photosynthetic activities, and subsequently the amount of oxygen produced by 
algae, possibly creating anoxic conditions. Generally, the higher the TSS concentration, 
the lower the Secchi disc reading. Anaerobic water may limit fish habitats and potentially 
cause taste and odor problems by releasing noxious substances such as hydrogen sulfide, 
ammonia, iron, and manganese from lake bottom sediments. 
During this study, TSS in the surface water samples of three routine stations in 
Vienna C.C. Lake ranged from 1 mg/L to 11 mg/L (appendices VIa, b, and d). Mean TSS 
values for these three stations were 3.6, 4.3, and 4.5 mg/L, respectively. On the basis of 
Illinois Lake Assessment Criteria (IEPA, 1978), water with TSS > 25 mg/L is classified as 
having a high lake-use impairment, while TSS between 15 and 25 mg/L indicates 
moderate use impairment. Water with TSS < 15 mg/L is considered to have minimal 
impairment. On the basis of TSS data observed, Vienna C.C. Lake is considered to have 
minimal impairment; no surface water sample collected had TSS > 15 mg/L. 
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TSS concentrations in the near-bottom waters (station IB) ranged from 1 mg/L on 
December 12, 1995 to 21 mg/L on August 6, 1996 (appendix VIb) with a mean of 8.6 
mg/L. TSS levels in the lake were low because of very little land disturbance in its 
watershed and also because the lake is fairly well protected from wind mixing. 
Volatile suspended solids (VSS) in the surface samples were between zero and 6 
mg/L for stations IS, 2, and 3 (appendices VIa, c, and d). Their mean values were, 
respectively, 2.5, 3.1, and 3.3 mg/L. For most surface water samples, the ratios of VSS to 
TSS were between 50 and 100 percent. 
VSS concentrations in the near-bottom waters (station 1B) were between zero and 
15 mg/L (appendix VIb) with a mean of 5.6 mg/L. The ratios of VSS to TSS for near-
bottom waters ranged from zero to 100 percent. 
Phosphorus 
The term total phosphorus (TP) represents all forms of phosphorus in water, both 
particulate and dissolved forms, and includes three chemical types: reactive, acid-
hydrolyzed, and organic. Dissolved phosphorus (DP) is the soluble form of TP (filterable 
through a 0.45-um filter). 
Phosphorus as phosphate may occur in surface water or ground water as a result 
of leaching from minerals or ores, natural processes of degradation, or agricultural 
drainage. Phosphorus is an essential nutrient for plant and animal growth and, like 
nitrogen, it passes through cycles of decomposition and photosynthesis. 
Because phosphorus is essential to the plant growth process, it has become the 
focus of attention in the lake eutrophication process. With phosphorus being singled out as 
probably the most limiting nutrient and the one most easily controlled by removal 
techniques, various facets of phosphorus chemistry and biology have been extensively 
studied in the natural environment. 
In any ecosystem, the two aspects of interest for phosphorus dynamics are 
phosphorus concentration and phosphorus flux (concentration times flow rate) as 
functions of time and distance. The concentration alone indicates the possible limitation 
that this nutrient can place on vegetative growth in the water. Phosphorus flux is a 
measure of the phosphorus transport rate at any point in flowing water. 
Unlike nitrate-nitrogen, phosphorus applied to the land as a fertilizer is bound 
tightly to the soil. Most of the phosphorus carried into streams and lakes from runoff over 
cropland will be in the particulate form adsorbed to soil particles. On the other hand, the 
major portion of phosphate-phosphorus emitted from municipal sewer systems is in a 
dissolved form. This is also true of phosphorus generated from anaerobic degradation of 
organic matter in the lake bottom. Consequently, the form of phosphorus, namely, 
particulate or dissolved, is indicative of its source to a certain extent. Other sources of 
dissolved phosphorus in the lake water may include the decomposition of aquatic plants 
and animals. Dissolved phosphorus is readily available for algae and macrophyte growth. 
However, the DP concentration can vary widely over short periods of time as plants take 
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up and release this nutrient. Therefore, TP in lake water is the more commonly used 
indicator of a lake's nutrient status. 
From his experience with Wisconsin lakes, Sawyer (1952) concluded that aquatic 
blooms are likely to develop in lakes during summer months when concentrations of 
inorganic nitrogen and inorganic phosphorus exceed 0.3 and 0.01 mg/L, respectively. 
These critical levels for nitrogen and phosphorus concentrations have been accepted and 
widely quoted in scientific literature. 
To prevent biological nuisance, the IEPA (1990), stipulates, "Phosphorus as P 
shall not exceed a concentration of 0.05 mg/L in any reservoir or lake with a surface area 
of 8.1 hectares (20 acres) or more or in any stream at the point where it enters any 
reservoir or lake." 
Total Phosphorus. The TP concentrations in surface water samples taken from 
stations 1, 2, and 3 are almost identical for each sampling date. As shown in appendices 
VIa, c, and d, the range of TP for all surface waters lies between 0.02 and 0.12 mg/L. 
Annual mean TP concentrations for these three stations were 0.030, 0.038, and 0.036 
mg/L, respectively. The TP levels for the surface waters showed no seasonal variations. 
Out of 50 surface samples, only two samples (August 6 and 20, 1996) collected from 
station exceeded the 0.05 mg/L standard. 
Appendix VIb indicates that TP levels in the near-bottom waters (station IB) 
varied from 0.03 to 0.50 mg/L and indicated a seasonal trend. During the winter and 
spring periods, TP levels at station IB were similar to those at the three surface stations. 
However, they increased from May 21, 1996 (0.07 mg/L) to a maximum of 0.50 mg/L on 
September 23, 1996. As expected, TP levels were high in September after the fall lake 
turnover. 
Dissolved Phosphorus. The DP results presented in appendix VI indicate that one 
sample for each station had DP concentration less than the detection limit of 0.01 mg/L. 
However, 0.01 mg/L of DP was used for statistical analyses. The maximum DP 
concentration was 0.02 mg/L for the surface waters at stations 1, 2, and 3. For the near-
bottom waters at station IB, the maximum DP was 0.44 mg/L on September 23, 1996; 
and the average DP concentration was 0.067 mg/L. As for TP levels, the higher DP levels 
occurred during May 1996 through September 1996. 
Nitrogen 
Nitrogen is generally found in surface waters in the form of ammonia (NFL3), nitrite 
(NO2), nitrate (NO3), and organic nitrogen. Organic nitrogen is determined by subtracting 
ammonia nitrogen from the total kjeldahl nitrogen (TKN) measurements. Organic nitrogen 
content can indicate the relative abundance of organic matter (algae and other vegetative 
matter) in water, but has not been shown to be directly used as a growth nutrient by 
planktonic algae (Vollenweider, 1968). Total nitrogen is the sum of nitrite, nitrate, and 
TKN. Nitrogen is an essential nutrient for plant and animal growth, but it can cause algal 
blooms in surface waters and create public health problems at high concentrations. The 
Illinois Pollution Control Board (IEPA, 1990) has stipulated that nitrate not exceed 10 
mg/L nitrate nitrogen or 1 mg/L nitrite nitrogen for public water-supply and food 
processing waters. 
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Nitrates are the end product of the aerobic stabilization of organic nitrogen, and as 
such they occur in polluted waters that have undergone self-purification or aerobic 
treatment processes. Nitrates also occur in percolating ground waters. Ammonia-nitrogen, 
being a constituent of the complex nitrogen cycle, results from the decomposition of 
nitrogenous organic matter. It can also result from municipal and industrial waste 
discharges to streams and lakes. 
Concerns about nitrogen as a contaminant in water bodies are twofold. First, 
because of adverse physiological effects on infants and because the traditional water 
treatment processes have no effect on the removal of nitrate, concentrations of nitrate plus 
nitrite as nitrogen are limited to 10 mg/L in public water supplies. Second, a concentration 
in excess of 0.3 mg/L is considered sufficient to stimulate nuisance algal blooms (Sawyer, 
1952). The IEPA (1990) stipulates that ammonia-nitrogen and nitrate plus nitrite as 
nitrogen should not exceed 1.5 and 10.0 mg/L, respectively. 
Nitrogen is one of the principal elemental constituents of amino acids, peptides, 
proteins, urea, and other organic matter. Various forms of nitrogen (for example, 
dissolved organic nitrogen and inorganic nitrogen such as ammonium, nitrate, nitrite, and 
elemental nitrogen) cannot be used to the same extent by different groups of aquatic plants 
and algae. 
Vollenweider (1968) reports that in laboratory tests, the two inorganic forms of 
ammonia and nitrate are, as a general rule, used by planktonic algae to roughly the same 
extent. However, Wang et al. (1973) reported that during periods of maximum algal 
growth under laboratory conditions, ammonium-nitrogen was the source of nitrogen 
preferred by plankton. In the case of higher initial concentrations of ammonium salts, 
yields were noted to be lower than with equivalent concentrations of nitrates 
(Vollenweider, 1968). This was attributed to the toxic effects of ammonium salts. The use 
of nitrogenous organic compounds has been noted by several investigators, according to 
Hutchinson (1967). However, Vollenweider (1968) cautions that the direct use of organic 
nitrogen by plankton has not been definitively established, citing that not one of 12 amino 
acids tested with green algae and diatoms was a source of nitrogen when bacteria-free 
cultures were used. But the amino acids were completely used up after a few days when 
the cultures were inoculated with a mixture of bacteria isolated from water. He has opined 
that in view of the fact that there are always bacterial fauna active in nature, the question 
of the use of organic nitrogen sources is of more interest to physiology than to ecology. 
Ammonia Nitrogen. Minimum ammonia-nitrogen concentration was 0.01 mg/L 
for the three routine surface water samples. Maximum ammonia-nitrogen levels for 
stations 1S, 2, and 3 were 0.61, 0.57, and 0.40 mg/L, respectively. The average ammonia-
nitrogen values were, respectively, 0.161, 0.147, and 0.124 mg/L (table 12). The Illinois 
General Use Water Quality Standards of ammonia-nitrogen vary according to water 
temperatures and pH values, with the allowable concentration of ammonia-nitrogen 
decreasing as temperature and pH rise. High water temperatures and pH increase the 
toxicity of ammonia-nitrogen for fish and other aquatic organisms. The allowable 
concentration of ammonia-nitrogen for the lake waters varied from 1.5 to 13.0 mg/L 
depending on the observed temperature and pH values. The observed data in Vienna C.C. 
Lake showed that the ammonia-nitrogen values are well within the upper limits of the 
standards. 
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Variations in ammonia-nitrogen concentration for the near-bottom (station IB) 
waters showed a similar pattern to TP. During the winter and spring period, ammonia-
nitrogen levels at station IB were almost identical to those at the other three surface 
stations (appendix VI). However ammonia-nitrogen at station IB increased substantially 
during May through September 1996 (appendix VIb) with a yearly range of 0.09 - 5.69 
mg/L. The annual mean was 1.029 mg/L. 
Nitrate/Nitrite Nitrogen. An examination of appendix VI indicates that many 
samples collected during summer and fall have nitrate and nitrite nitrogen concentrations 
under the detectable limit of 0.03 mg/L, which was used for statistical analyses. All 67 
water samples collected from the four routine sampling stations had nitrate/nitrite nitrogen 
concentrations from 0 to 0.48 mg/L. There were no statistical differences in 
concentrations among the four stations. Their means were 0.134, 0.135, 0.122, and 0.137 
mg/L, respectively, for stations IS, 2, 3, and IB. In general, nitrate/nitrite nitrogen 
concentration in the lake waters were higher during the winter and spring period, and were 
lower during summer and fall. 
Inorganic (ammonia plus nitrate and nitrite nitrogen) levels in excess of 0.30 mg/L 
are known to stimulate nuisance algal blooms. During the summer and fall months, as 
shown in appendices VIa, c, and d, inorganic nitrogen values were less than 0.30 mg/L. 
Nitrogen may be the limiting nutrient for biological productivity in Vienna C.C. Lake. 
Total Kjeldahl Nitrogen. As mentioned previously, ammonia-nitrogen is a 
portion of TKN. Temporal variation of TKN at each station is similar to that of ammonia-
nitrogen. The ranges of TKN at stations 1S, 2, 3, and 1B were 0.39 to 1.26 mg/L, 0.07 to 
1.20 mg/L, 0.37 to 1.34 mg/L, and 0.51 to 7.42 mg/L, respectively (appendix VI). At 
these stations, mean TKN values were, respectively, 0.869, 0.784, 0.763, and 2.146 mg/L. 
For station 1B, as shown in appendix C, TKN increased from 1.86 mg/L on May 21, 1996 
to 7.42 mg/L on September 23, 1996. The increases were mainly in the organic form of 
nitrogen. 
Chemical Oxygen Demand 
When organic material decomposes within the lake's water column, the feeding 
bacteria consume oxygen. Thus, the concentration of DO in the water may be reduced 
significantly if the amount of decomposing organic material is large. The measurement of 
the amount of oxygen consumed by these bacteria is termed biochemical oxygen demand 
(BOD). A less costly substitute for monitoring DO trends is a test called chemical oxygen 
demand (COD). Rather than directly measuring the amount of oxygen consumed by 
bacteria, COD measures the amount of potassium dichromate required to completely 
oxidize the organic materials present in the water. COD represents the amount of oxygen 
needed to oxidize all the oxidizable organic and inorganic constituents (biota and other 
organic matter, iron, manganous compounds, ammonia, etc.) under specified conditions. It 
is an indirect but efficient method of assessing the exerted on the oxygen resources of the 
water body under ambient conditions. 
COD values are generally higher than BOD values, because COD may indicate the 
presence of materials that are not biologically degradable (e.g., inorganic nitrogen, metals, 
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etc.). However, higher concentrations of either BOD or COD indicate greater potential for 
depletion of DO. 
The means and ranges of COD (mg/L) for stations 1S, 2, 3, and 1B were, 
respectively, 17.8 and 8.6-25.1; 18.3 and 11.2-24.1; 19.4 and 10.0-30.6; and 25.6 and 
15.3-42.0 (table 12, and appendix VI). COD values at station 1B were significantly 
greater than those at the three surface stations. 
Under its lake assessment criteria, the IEPA (1978) considers that COD values 
greater than 30 mg/L indicate a high degree of "organic enrichment," while values 
between 20 and 30 mg/L indicate moderate enrichment. Vienna C.C. Lake is not 
organically enriched. 
Iron 
Iron, one of the most common constituents found in the earth's crust, is generally 
in the form of iron oxide. It is very common as a dissolved mineral in ground waters. It is 
also found in surface waters, streams, and lakes. A few well waters have iron 
concentrations as high as 50 mg/L. Generally, it is rare to find well waters with iron 
concentrations as high as 10 mg/L (Thackwell, 1962). 
The common form of dissolved iron is ferrous bicarbonate. Its solubility is 
increased by free carbon dioxide in the water. Water with high carbon dioxide may be able 
to pick up iron from ferrous pipes. The water first pumped from a deep well is clear and 
colorless; when aerated, it changes to a pale yellow and later to a reddish-brown color. On 
standing, the iron sediment deposits as ferric oxide in hydrated form. Ferric oxide or rust 
cause red water whenever iron 0.3 mg/L (Thackwell, 1962). The precipitate deposit in 
water-supply distribution lines stains plumbing fixtures, rendering water unsuitable for 
laundering, dying, paper making, and many other manufacturing processes. 
Tea made from iron-bearing waters turns black due to the combination of tannic 
acid and iron, which makes ink. The iron, bacteria (Ferrobacillus) oxidizes ferrous to 
ferric iron. These organisms do not require sunlight to grow and are able to grow in pipe 
lines, forming reddish-brown growths that tend to clog pipes or seriously reduce flow 
rates, and cause taste and odor problems. They also can grow in spring water in the 
presence of light. 
Inspection of iron data in appendix VI indicates the surface water samples 
generally have low iron content. The mean and range of iron concentration (mg/L) for 
stations 1S, 2, 3, and 1B were 0.23 and 0.06-0.65; 0.23 and 0.09-0.70; 0.24 and 0.11-
0.47; and 1.55 and 0.08-12.0, respectively. Iron concentrations at station 1B increased in 
June with high values during August and September 1996. 
The Illinois General Use Water Quality Standard (IEPA, 1990) for iron is 1.0 
mg/L. The iron standard for finished water is 0.3 mg/L. At station 1S, only two out of 17 
samples (12 percent) exceeded 0.3 mg/L. 
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Manganese 
Manganese and iron are both essential to the human body, but their intake through 
drinking water is an insignificant portion of body requirements. The low limit placed upon 
these metals in the standards is not based on health significance but mainly for aesthetic 
purposes. The presence of manganic manganese in excess of 0.01 mg/L interferes with the 
orthotolidine test for residual chlorine in waters which have been disinfected with chlorine 
(Camp, 1963). Similar to iron, manganese may be present in excess in either ground 
waters or surface waters. Both manganic oxides and ferric oxides are very soluble. The 
manganese oxides are brown or black. Similar to ferric oxides, the precipitates of 
manganic oxides will stain plumbing fixtures and render water unsuitable for domestic and 
industrial uses. 
The mean and range of concentrations in mg/L for manganese at stations 1S, 2, 3, 
and 1B were, respectively, 0.51 and 0.08-1.62; 0.50 and 0.08-1.52; 0.5 and 0.04-2.75; and 
5.06 and 0.52-20.4. For the surface waters, high manganese levels occurred during 
October through April. In contrast, high manganese values were observed during May 
through September, in the near-bottom waters of the deep station. 
In Illinois, the manganese limit is 1.0 mg/L for the general use waters and 0.15 
mg/L for finished waters (IEPA, 1990). At station 1S, three samples collected during 
October and November exceeded the 1.0 mg/L general use standard. Water treatment 
processes at Vienna C.C. Lake currently use potassium permanganate to oxidize excess 
iron and manganese in the raw water-supply. 
Chlorophyll 
Chlorophyll a is a primary photosynthetic pigment in all oxygen-evolving 
photosynthetic organisms. Extraction and quantification of chlorophyll a can be used to 
estimate the biomass or standing crop of planktonic algae present in a body of water. 
Other algal pigments have limited distribution and are considered accessory photosynthetic 
pigments; particularly chlorophyll b and c can give information on the type of algae 
present. Blue-green algal (Cyanophyta) contain only chlorophyll a, while both the green 
algae (Chlorophyta) and the euglenoids (Euglenophyta) contain chlorophyll a and c. 
Chlorophyll a and c are also present in the diatoms, yellow-green, and yellow-brown algae 
(Chrysophyta), as well as the dinoflagellates (Pyrrhophyta). Therefore these accessory 
pigments can be used to identify the types of algae present in a lake (IEPA, 1990). 
To obtain living algal biomass, chlorophyll a values are corrected for phaeophytin 
a, which is produced when chlorophyll a breaks down. If a large amount of phaeophytin a 
is present, a stressed algal population or recent die-off is indicated (ibid.). 
During this study, only chlorophyll a was determined. The mean and range of 
values for chlorophyll a in µg/L for stations 1, 2, and 3 were 7.5 and 1.7-14.6; 9.6 and 
2.1-22.2; and 11.2 and 2.6-39.9, respectively (table 12, appendix VIa, c, and d). At these 
stations, station 1 had the lowest chlorophyll levels. However, there was no statistical 
difference among the means of surface waters of the three locations. 
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Metals 
Water samples from stations 1S, 1B, and 3 were taken for metals and nutrients 
analyses once on February 14, 1996, and again on August 20, 1996. In addition, water 
samples from station 4 (main tributary) and station 6 (discharge from ethanol plant) were 
also collected on February 14, 1996 for analyses. Table 16 presents the results of the 
analyses. The Illinois Pollution Control Board limit values for secondary contact and 
indigenous aquatic life (IEPA, 1990) are also listed in the table. 
At all stations, concentrations of antimony, arsenic, beryllium, boron, cadmium, 
chromium, cobalt, lead, lithium, mercury, nickel, selenium, silver, thallium, tin, and 
vanadium were found to be less than the limit for all samples. In addition, concentrations 
of titanium and zinc were also below the detection values for most of the samples. 
Comparing the observed values with IPCB standard limits, one can conclude that the 
metal contents of Vienna C.C. Lake water samples were much lower than the standards 
(upper limits). 
Organics 
On February 14, 1996, water samples from stations lS, lB, and 3 were collected 
for organic analyses for aldrin, DDT, dieldrin, endrin, heptachlor epoxide, lindane, (g-
HCH), methoxychlor, and total polychlorinated biphenyls (PCBs). All the results (not 
presented) were below the detection limits of the method and consequently less than the 
concentration limits for these parameters. 
Biological Characteristics 
Indicator Bacteria 
Pathogenic bacteria, pathogenic protozoan cysts, and viruses have been isolated 
from wastewaters and natural waters. The sources of these pathogens are the feces of 
humans and of wild and domestic animals. Identification and enumeration of these disease-
causing organisms in water and wastewater are not recommended because no single 
technique is currently available to isolate and identify all the pathogens. In fact, 
concentrations of these pathogens are generally low in water and wastewater. In addition, 
the methods for identification and enumeration of pathogens are labor-intensive and 
expensive. 
Instead of direct isolation and enumeration of pathogens, total coliform (TC) has 
long been used as an indicator of pathogen contamination of a water that poses a public 
health risk. Fecal coliform (FC), which is more fecal-specific, has been adopted as a 
standard indicator of contamination in natural water in Illinois, Indiana, and many other 
states. Both TC and FC are used in standards for drinking water and natural waters. Fecal 
streptococcus (FS) is used as a pollution indicator in Europe. FC/FS ratios have been 
employed for identifying pollution sources in the United States. Fecal streptococci are 
present in the intestines of warm-blooded animals and of insects, and they are present in 
the environment (water, soil, and vegetation) for long periods of time. 
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Table 16. Metals and Nutrient Concentrations in Vienna Correctional Center Lake 
and Inflow Water Samples, 1996 
Station  
1 surface 1 bottom 3 4 6 IPCB 
2/14 8/20 2/14 8/20 2/14 8/20 2/14 2/14 limits* 
Aluminum 0.140 0.016 0.161 0.021 0.139 0.031 0.104 0.819 
Antimony 0.10k 0.10k 0.10k 0.10k 0.10k 0.10k 0.10k 0.01k 
Arsenic .004k .004k .004k 004k .004k .004k .004k .004k 1.0 
Barium 0.032 0.032 0.032 0.108 0.029 0.030 0.033 0.029 5.0 
Beryllium 001k 001k .001k 001k 001k .001k .001k 001k 
Boron 0.15k 0.15k 0.15k 0.15k 0.15k 0.15k 0.15k 0.15k 1.0 
Cadmium .004k .004k .004k 004k 004k .004k 004k .004k 0.15 
Calcium 15.7 16.3 15.5 19.6 15.2 16.4 25.6 11.6 
Chromium .004k .004k .004k .004k .004k .004k .004k .004k 0.3 
Cobolt .003k .003k .003k .003k .003k .003k .003k .003k 
Copper .004 .010 .005 .006 .003 .008 .264 .003 1.0 
Iron .271 .057 .374 1.345 .300 .103 .314 1.130 2.0 
Lead .012k 012k .012k 012k .012k .012k .012k .012k 0.1 
Lithium .004k 004k .004k 004k .004k .004k .004k 004k 
Magnesium 3.22 3.37 3.17 3.74 3.15 3.38 3.77 2.83 1.0 
Manganese .650 .057 .644 8.230 .596 .044 .066 .081 
Mercury .02k .02k .02k .02k .02k .02k .02k .02k 0.0005 
Nickel .006k .006k .006k .006k .006k .006k .006k .006k 1.0 
Potassium 3.74 3.95 3.68 3.90 3.67 3.60 4.38 3.06 
Selenium .05k .05k .05k .05k .05k .05k .05k 05k 1.0 
Silicon 0.87 1.40 0.88 2.68 2.82 1.44 1.05 3.95 
Silver .003k .003k .003k .003k .003k .003k .003k .003k 1.1 
Sodium 4.43 5.29 4.41 5.12 4.36 5.15 15.30 5.09 
Strontium .061 .065 .060 .079 .059 .065 .072 .050 
Sulfur 5.25 5.23 5.36 2.14 5.22 5.26 13.2 5.10 
Thallium .05k .05k .05k .05k .05k 05k .05k .05k 
Tin .04k .04k .04k .04k .04k .04k .04k .04k 
Titanium .003 .002k .005 .002k .004 .002k .002k .021 
Vanadium .003k .003k .003k .003k .003k .003k .003k .003k 
Zinc .003k .004 .003k .003 .003k .004 .067 .007 1.0 
Total kjeldahl 
nitrogen 0.30 1.11 0.36 1.67 0.45 1.61 0.34 0.55 
Total phosphorus 0.02 0.02 0.03 0.12 0.03 0.03 0.14 0.09 
Total solids 92 103 93 113 90 99 157 108 
Volatile solids 16 36 21 42 22 28 18 35 
Notes: 
* Chronic standards. All parameters and IPCB limits were measured in mg/L. 
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The Illinois Department of Public Health (IDPH) has promulgated the indicator 
bacteria standards for recreational-use waters as follows: 
■ A beach will be posted "Warning - Swim At Your Own Risk" when bacterial 
counts exceed 1,000 TC per 100 mL or 100 FC per 100 mL. 
■ A beach will be closed when bacterial densities exceed 5,000 TC per 100 mL or 
500 FC per 100 mL in water samples collected on two consecutive days. 
The Illinois Pollution Control Board has adopted rules regarding FC limits for 
general-use water quality standards applicable to lakes and streams. The rules of Section 
302.209 (IEPA, 1990) are: 
a. During the months May through October, based on a minimum of five samples 
taken over not more than a 30-day period, fecal coliforms (STORET number 
31616) shall not exceed a geometric mean of 200 per 100 mL, nor shall more than 
10 percent of the samples during any 30-day period exceed 400 per 100 mL in 
protected waters. Protected waters are defined as water that, due to natural 
characteristics, aesthetic value, or environmental significance, are deserving of 
protection from pathogenic organisms. Protected waters must meet one or both of 
the following conditions: 
1) They presently support or have the physical characteristics to support primary 
contact. 
2) They flow through or adjacent to parks or residential areas. 
Table 17 presents the indicator bacteria analyses results for the three surface 
routine sampling stations in the lake and periodic sampling in its tributaries. Bacterial 
quality in Vienna C.C. Lake was generally found to be excellent. Fecal coliform counts are 
governed by IPCB standards. However, for this study, the FC results obtained during this 
study period could not be evaluated with the IPCB moving geometric mean standard. (A 
five-sample minimum was not collected over the prescribed 30-day period). It is believed, 
however, that the bacteria quality in Vienna C.C. would meet the IPCB standard (200 
FC/100 mL). On the basis of in-lake FC density, no violation of the 400 FC/100 mL limit 
occurred at stations lS, 2, and 3 (table 17). 
Table 17 indicates that bacteria densities for tributary waters varied widely, 
especially during or after storm events occurring in April - June 1996. Although very high 
densities of bacteria were found in May 1996 samples for station 5 (from a feedlot), it did 
not influence in-lake water's bacteria quality. The flow at station 5 was small. There were 
two feedlots on the north side of the lake. However, the east-side one is not located in the 
watershed. The west-side feedlot was closed during the summer of 1996. On June 12, 
1996, a sample collected from the discharging ditch of the east-side feedlot had TC, FC, 
and FS of 16,000,000; 8,900,000; and 1,200,000 per 100 mL, respectively. 
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Table 17. Indicator Bacterial Densities in Vienna Correctional Center Lake 
and Its Tributaries, 1996 
Station IS T Station 2 Station 3 
Date TC FC FS TC FC FS TC FC FS 
1/8 20 5 3 30 3 9 - - -
2/11 53 1 2 39 1 1 20 1 <1 
3/11 27 8 6 24 10 4 14 4 4 
4/15 290 70 3 420 110 8 290 120 10 
5/21 40 9 1 800 62 2 200 88 <1 
6/6 15 3 4 310 85 42 610 98 98 
6/18 9 2 <1 16 3 2 120 36 38 
7/16 33 7 <1 54 29 4 87 9 4 
8/20 2 nd 2 1 <1 <1 1 nd 1 
9/10 20 4 1 2 nd <1 3 2 <1 
10/23 240 25 51 480 81 110 48 72 70 
Station 4 Station 5 Station 6 
Date TC FC FS TC FC FS TC FC FS 
1/2 1,200 26 16 
2/11 900 60 100 76 <1 <1 
3/11 - 28 16 1,300 150 50 150 5 <1 
4/15 7,300 290 120 - - - 2,800 360 180 
4/30 24,000 17,000 1,600 - - -
5/6* 46,000 6,100 9,700 8,000,000 6,100,000 100,000 - - -
5/21 200,000 22,000 100,000 100 24 2 
6/6 27,000 9,900 930 
6/18 4 1 nd 
Notes: 
Density in bacteria per 100 mL 
TC = total coliform; FC = fecal coliform; FS = fecal streptococcus; 
nd = not detected. 
* There was a storm on May 6, 1996, which may account for the high densities of bacteria. 
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Macrophytes 
Macrophytes are commonly called aquatic vegetation (or weeds). The 
macrophyton consists principally of aquatic vascular flowering plants. It also includes 
aquatic mosses, liverworts, ferns, and larger macroalgae (APHA et al., 1992). 
Macrophytes may include submerged, emerged, and floating plants; and filamentous algae. 
In most lakes and ponds, aquatic vegetation is found that may beneficially and/or adversely 
impact the natural ecosystem. Reasonable amounts of aquatic vegetation improve water 
clarity by preventing shoreline erosion, stabilizing sediment, storing nutrients, and 
providing habitat and hiding places for many small fish (fingerlings, bluegill, sunfish, etc.). 
They also provide food, shade, and oxygen for aquatic organisms; block water movement 
(wind wave); and use nutrients in the water, reducing the excessive growth of 
phytoplankton. 
However, excessive growth of aquatic vegetation generally interferes with 
recreational activities (fishing, boating, surfing, etc.); adversely affects aquatic life 
(overpopulation of small fish and benthic invertebrates); causes fish kills; produces taste 
and odor in water due to decomposition of dense weed beds; blocks water movement and 
retards heat transfer, creating vertical temperature gradients; and destroys aesthetic value 
to the extent of decreasing the economic values of properties surrounding a lake. Under 
these circumstances, aquatic plants are often referred to as weeds. 
The macrophyte survey for this study was conducted on June 13, 1996. Figure 10 
plots the areal extent of macrophyte beds as determined by the survey and dominant 
species observed. Six species of macrophytes were found in Vienna C.C. Lake. Coontail 
(Ceratophyllum demersum) and three species of pondweed; i.e. American (Potamogeton 
nodosus), sago (P. pectinatus), curlyleaf (P. crispus), creeping waterprimrose (Jussiaca 
repens var. glabrescens), and Cladophora (a filamentious algae) were the species found. 
However, their densities were sparse. Most of macrophytes were found on the east half of 
the north shoreline and at west half of the south shoreline. The lake bottom of the east half 
of the south shore is rocky, and no vegetation could grow in these areas. 
Surface Inflow Water Quality 
Inflows to the lake were sampled periodically. Table 18 summarizes water quality 
characteristics for stations 4-8. There were no abnormally high concentrations for any 
parameters. 
On February 14, 1996, samples of inflow from stations 4 and 6 were taken for 
metals and other chemical analyses. The results are included in table 16. No results were 
found to be abnormally high. Also the observed values were below the IPCB standards. 
A water sample for organic analysis was taken from station 6 on February 14, 
1996. The analyses were performed as in-lake water samples. All eight organics analyzed 
showed values below the detection levels of the method. 
Bacterial quality of inflow waters (table 17) was discussed previously. In summary, 
inflows to the lake did not contribute to bacterial quality problems in the lake. 
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Figure 10. Macrophyte survey results 
Table 18. Water Quality Characteristics of Inflow and Surrounding Waters, 1995-1996 
Creek from < cattle South pond Spillway, 
Upstream tributary. station 4 feedlot. station 5 outlet, station 7 
4/30 5/6 
station 8 
Parameters 2/4/96 3/11 4/15 4/30 5/6 4/30 5/6 5/21 5/6 
pH 7.69 7.51 7.46 7.54 _ 7.05 _ 7.33 7.45 _ _ 
Total alkalinity 
mg/L as CaC03 27 29 31 29 - 36 - 83 33 - -
Conductivity, |amho/cm 215 188 173 123 82 143 121 214 121 141 138 
Phosphorus, mg/L 
Total 0.02 0.06 0.06 0.08 0.27 0.34 2.05 1.39 0.11 0.09 0.08 
Dissolved 0.01 0.02 0.02 - - - - 0.77 . - _ 
Nitrogen, mg/L 
Kjeldahl 0.65 0.69 0.64 - - - - 2.10 - - -
Ammonia 0.05 0.03 0.07 0.00 0.10 1.19 0.64 0.68 0.47 0.20 0.39 
Nitrate/nitrite 0.26 0.43 0.22 0.20 0.26 0.27 0.18 0.03 0.13 0.11 0.10 
Solids, mg/L 
Total suspended 3 4 4 10 170 18 384 9 15 10 7 
Volatile suspended 2 0 1 2 16 12 74 3 3 3 3 
Total 139 115 122 - - - - 196 . - _ 
COD, mg/L 16.1 8.6 13.1 - - - - 60 - _ _ 
Iron, mg/L 0.46 0.29 0.54 - - - - - - _ _ 
Manganese, mg/L 0.82 0.04 0.08 - - - - - - -
Note: 
k = less than detection value 
Table 18. Concluded. 
Ethanol plant discharge, station 6  
Parameters 12/12/95 1/8/96 2/14 3/11 4/15 5/21 6/6 6/18 7/1 8/6 
pH 7.23 6.78 7.99 8.06 6.79 7.33 6.28 7.44 7.18 
Total Alkalinity 
mg/L as CaCO3 38 56 49 47 42 83 29 41 48 
Conductivity, µmho/cm 325 346 266 253 240 214 241 231 224 
Phosphorus, mg/L 
Total 2.8 8.88 0.09 0.06 2.67 1.39 2.57 0.30 0.31 0.26 
Dissolved 0.63 6.47 0.01 0.04 2.43 0.77 2.08 0.18 0.08 
Nitrogen, mg/L 
Kjeldahl 2.51 4.58 0.46 0.57 2.18 2.10 1.56 2.19 1.81 
Ammonia 0.20 0.14 0.03 0.12 0.13 0.68 0.01 0.25 0.33 
Nitrate/nitrite 0.19 0.34 0.41 0.27 0.14 0.03 0.07 0.16 0.03k 
Solids, mg/L 
Total suspended 75 22 5 3 4 9 1 5 5 3 
Volatile suspended 39 11 5 0 3 4 15 3 1 
Total 342 512 162 151 230 196 276 180 162 
COD, mg/L 208 417 26.8 11.1 163 60 327 29.4 25.1 4.71 
Iron, mg/L 1.33 0.84 0.28 0.20 1.00 - 0.66 0.69 1.11 
Manganese, mg/L 0.09 0.11 0.06 0.04 0.13 - 0.07 0.07 0.09 0.08 
Note: 
k = less than detection value 
Trophic State 
Eutrophication is a normal process that affects each body of water from its time of 
formation. As a lake ages, the degree of enrichment from nutrient materials increases. In 
general, the lake traps a portion of the nutrients originating in the surrounding drainage 
basin. Precipitation, dry fallout, and ground-water inflow are the other contributing 
sources. 
A wide variety of indices of lake trophic conditions have been proposed in the 
literature. These indices have been based on Secchi disc transparency; nutrient 
concentrations; hypolimnetic oxygen depletion; and biological parameters, including 
chlorophyll a, species abundance, and diversity. In its Clean Lake Program Guidance 
Manual, the USEPA (1980) suggests the use of four parameters as trophic indicators: 
Secchi disc transparency, chlorophyll a, surface water total phosphorus, and total organic 
carbon. 
In addition, the lake trophic state index (TSI) developed by Carlson (1977) on the 
basis of Secchi disc transparency, chlorophyll a, and surface water total phosphorus can be 
used to calculate a lake's trophic state. The TSI can be calculated from Secchi disc 
transparency (SD) in meters (m), chlorophyll a (CHL) in micrograms per liter (ug/L), and 
total phosphorus (TP) in ug/L as follows: 
on the basis of SD, TSI = 60 - 14.4 ln (SD) (1) 
on the basis of CHL, TSI = 9.81 ln (CHL)+ 30.6 (2) 
on the basis of TP, TSI = 14.42 ln (TP) + 4.15 (3) 
The index is based on the amount of algal biomass in surface water, using a scale 
of 0 to 100. Each increment of ten in the TSI represents a theoretical doubling of biomass 
in the lake. The advantages and disadvantages of using the TSI were discussed by Hudson 
et al. (1992). The accuracy of Carlson's index is often diminished by water coloration or 
suspended solids other than algae. Applying TSI classification to lakes that are dominated 
by rooted aquatic plants may indicate less eutrophication than actually exists. 
A TSI is derived from the average of three calculated results using formulas (l)-(3) 
for station 1 of the lake. It is used to define the trophic state of a lake as indicated in table 
19, which is modified from Carlson (1977). Table 20 lists the values of TSI and trophic 
state for the lake. Mean TSI values were 52.9, 52.5, and 48.6 on the basis of Secchi disc 
transparency, total phosphorus, and chlorophyll a, respectively. The respective trophic 
state classifications are entrophic, eutrophic, and mesotrophic. The overall mean TSI at 
station 1 (representative of the lake) is 51.4 and considered a eutrophic condition. 
Practically, the lake is at the lower end of eutrophic and the upper end of mesotrophic 
scales. 
Lake Use Support 
Definition 
The degree of use support identified for each designated use indicates the ability of 
the lake to: 1) support a variety of high-quality recreational activities, such as boating, 
sport fishing, swimming, and aesthetic enjoyment; 2) support healthy aquatic life and sport 
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Table 19. Quantitative Definition of Lake Trophic State 
Secchi disc Total phosphorus, 
transparency Chlorophyll a lake surface 
Trophic state (inches) (meter) (µg/L) (µg/L) TSI 
Oligotrophic >157 >4.0 <2.6 <12 <40 
Mesotrophic 79-157 2.0-4.0 2.6-7.2 12-24 40-50 
Eutrophic 20-79 0.5-2.0 7.2-55.5 24-96 50-70 
Hypereutrophic <20 <0.5 >55.5 . >96 >70 
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Table 20. Trophic State Index and Trophic State 
of Vienna Correctional Center Lake 
Secchi disc trans Total phosphorus Chlorophyll a 
Date inches TSI mg/L TSI µg/L TSI 
10/26/95 77 50.3 0.03 53.2 3.4 42.6 
11/20/95 104 46.0 0.03 53.2 4.7 45.8 
12/12/95 133 42.5 0.02 47.3 3 41.4 
1/8/96 98 46.9 0.03 53.2 
2/14/96 120 44.0 0.03 53.2 2.1 37.9 
3/11/96 48 57.1 0.02 47.3 6.2 48.5 
4/15/96 43 58.7 0.05 60.6 10.4 53.6 
5/21/96 52 56.0 0.04 57.3 12.4 55.3 
6/6/96 51 56.3 0.04 57.3 7.1 49.8 
6/18/96 60 53.9 0.03 53.2 14.6 56.9 
7/1/96 60 53.9 0.02 47.3 7.7 50.6 
7/16/96 42 59.1 0.04 57.3 12.4 55.3 
8/6/96 72 51.3 0.02 47.3 6 48.2 
8/20/96 48 57.1 0.02 47.3 1.7 35.8 
9/6/96 54 55.4 0.03 53.2 9.8 53.0 
9/23/96 69 51.9 0.02 47.3 11.3 54.4 
10/23/96 42 59.1 0.04 57.3 
Mean 52.9 52.5 48.6 
Trophic state Eutrophic Eutrophic Mesotrophic 
Overall mean 51.4 
Overall trophic state Eutrophic 
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fish populations; and 3) provide adequate, long-term quality and quantity of water for 
public or industrial water-supply (if applicable). Determination of a lake's use support is 
based upon the state's water quality standards as described in Subtitle C of Title 35 of the 
State of Illinois Administrative Code (EEPA, 1990). Each of four established use 
designation categories (including general use, public and food processing water supply, 
Lake Michigan, and secondary contact and indigenous aquatic life) has a specific set of 
water quality standards. 
For the lake uses assessed in this report, the general use standards - primarily the 
0.05 mg/L TP standard - were used. The TP standard has been established for the 
protection of aquatic life, primary-contact (e.g., swimming) and secondary-contact (e.g., 
boating) recreation, agriculture, and industrial uses. In addition, lake-use support is based 
in part on the amount of sediment, macrophytes, and algae in the lake and how these 
might impair designated lake uses. The following is a summary of the various 
classifications of use impairment: 
Full = full support of designated uses, with minimal impairment 
Full/threatened = full support of designated uses, with indications of declining 
water quality or evidence of existing use impairment 
Partial/minor = partial support of designated uses, with slight impairment 
Partial/moderate = partial support of designated uses, with moderate impairment 
Nonsupport = no support of designated uses, with severe impairment 
Lakes that fully support designated uses may still exhibit some impairment, or have 
slight to moderate amounts of sediment, macrophytes, or algae in a portion of the lake 
(e.g., headwaters or shoreline); however, most of the lake acreage shows minimal 
impairment of the aquatic community and uses. It is important to emphasize that if a lake 
is rated as not fully supporting designated uses, it does not necessarily mean that the lake 
cannot be used for those purposes or that a health hazard exists. Rather, it indicates 
impairment in the ability of significant portions of the lake waters to support either a 
variety of quality recreational experiences or a balanced sport fishery. Since most lakes are 
multiple-use water bodies, a lake can fully support one designated use (e.g., aquatic life) 
but exhibit impairment of another (e.g., swimming). 
Lakes that partially support designated uses have a designated use that is slightly 
to moderately impaired in a portion of the lake (e.g., swimming impaired by excessive 
aquatic macrophytes or algae, or boating impaired by sediment accumulation). So-called 
nonsupport lakes have a designated use that is severely impaired in a substantial portion of 
the lake (e.g., a large portion of the lake has so much sediment that boat ramps are 
virtually inaccessible, boating is nearly impossible, and fisheries are degraded). However, 
in other parts of the same nonsupport lake (e.g., near a dam), the identical use may be 
supported. Again, nonsupport does not necessarily mean that a lake cannot support any 
uses, that it is a public health hazard, or that its use is prohibited. 
Lake-use support and level of attainment were determined for aquatic life, 
recreation, swimming, and overall lake use, using methodologies described in the IEPA's 
Illinois Water Quality Report: 1992-1993 (IEPA, 1994). 
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The primary criterion in the aquatic life use assessment is an Aquatic Life Use 
Impairment Index (ALI); while in the recreation use assessment, the primary criterion is a 
Recreation Use Impairment Index (RUI). While both indices combine ratings for TSI 
(Carlson, 1977) and degree of use impairment from sediment and aquatic macrophytes, 
each index is specifically designed for the assessed use. ALI and RUI relate directly to the 
TP standard of 0.05 mg/L. If a lake water sample is found to have a TP concentration at 
or below the standard, the lake is given a "full support" designation. The aquatic life use 
rating reflects the degree of attainment of the "fishable goal" of the Clean Water Act; 
whereas the recreation use rating reflects the degree to which pleasure boating, canoeing, 
and aesthetic enjoyment may be obtained at an individual lake. 
The assessment of swimming use for primary-contact recreation was based on 
available data using two criteria: 1) Secchi disc transparency depth data and 2) Carlson's 
TSI. The swimming use rating reflects the degree of attainment of the "swimmable goal" 
of the Clean Water Act. If a lake is rated "nonsupport" for swimming, it does not mean 
that the lake cannot be used or that health hazards exist. It indicates that swimming may 
be less desirable than at those lakes assessed as fully or partially supporting swimming. 
Finally, in addition to assessing individual aquatic life, recreation, and swimming 
uses, the overall use support of the lake was assessed. The overall use support 
methodology aggregates the use support attained for each of the individual lake uses 
assessed. Values assigned to each use-support attainment category are summed and 
averaged, and then used to assign an overall lake-use attainment value for the lake. 
Lake Use Support Analysis 
An analysis of lake use support for the lake was carried out employing the 
methodology developed by the IEPA (1994). Using data obtained from station IS and 
lake information, the analysis was performed on the basis of several uses: aquatic life, 
recreation, swimming use, drinking water supply, and overall use. Table 21 presents the 
basic information along with assessed lake-use support information. The results of lake-
use support analyses suggest that Vienna C.C. Lake is classified as full use support for all 
uses mentioned above. 
Lake Sediment Characteristics 
Lake sediment can act both as sinks and as potential pollutant sources (for 
pollutants such as phosphorus and metals) affecting water quality. Its metal and/or organic 
chemical toxicities can directly affect the presence of aquatic animals and plants on the 
lake bottom. Lake sediments, if and when dredged, should be carefully managed to 
prevent surface water and ground-water contamination. Sediment monitoring is becoming 
increasingly important as a tool for detecting pollution loading in lakes and streams. 
Metals and Inorganics 
While there are no regulatory agencies that promulgate lake sediment quality 
standards, sediment quality in Illinois has been generally assessed using the Classification 
of Illinois Lake Sediments report developed by Kelly and Hite (1981). Mitzelfelt (1995) of 
IEPA developed the Lake Sediment Classification shown in table 22 based on 1987-1994 
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Table 21. Assessment of Use Support 
for Vienna Correctional Center Lake 
Value versus limit ALI points 
I. Aquatic life use 
1. Mean trophic state index 51.4 < 6.0 40 
2. Macrophyteimpairment 3 < 5 15 
3. Mean nonvolatile suspended solids 1.1 < 12 0  
Total points: 50 
Criteria points: <75 
Use Support: Full 
Value RUIpoints* 
II. Recreation use 
1. Mean trophic state index 51.4 51 
2. Macrophyte impairment <5 0 
3. Mean nonvolatile suspended solids 1.2 < 3                              0  
Total points: 51 
Criteria points: <60 
Use Support: Full 
Degree of 
Value use support 
m. Swimming use 
1. Secchi depth < 24 inches 0 Full 
2. Fecal coliform > 200/100 mL 0 Full 
3. Mean trophic state index 51.4 < 55 Full 
Use Support: Full 
IV. Drinking water supply use No closure or advisory 
Use Support: Full 
V. Overall use 5.0 
Use Support: Full 
Note: 
* ALI: Aquatic life use impairment index; 
RUI: Recreation use impairment index. 
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Table 22. Classification of Lake Sediments (revised 1996) 
Detection Highly 
limit* Low Normal Elevated elevated 
Phosphorus 0.1 <394 394-<1115 1115-<2179 ≥2179 
Kjeldahl-N 1.0 <1300 1300-<5357 5357-<11700 ≥11700 
Cadmium 0.1 n/a† <5 5-<14 ≥14 
Copper 1.0 <16.7 16.7-<100 100-<590 ≥590 
Lead 0.1 <14 14-<59 59-<339 ≥339 
Mercury 0.1 n/a <0.15 0.15-0.701 ≥0.701 
Arsenic 0.5 <4.1 4.1-<14 14-<95.5 ≥95.5 
Chromium 10 <13 13-<27 27-<49 ≥49 
Iron 10 <16000 16000- 37000- ≥56000 
<37000 <56000 
Manganese 10 <500 500-<1700 1700-<5500 ≥ 5500 
Zinc 10 <59 59-<145 145-<1100 ≥1100 
Nickel 1.0 <14.3 14.3-<31 31-43 ≥43 
Silver 0.1 n/a <0.1 0.1-<1 ≥1 
Potassium 1.0 <410 410-<2100 2100-<2797 ≥2797 
Barium 1.0 <94 94-<271 271-<397 ≥397 
PCBs 10 n/a <10 10-<89 ≥89 
Aldrin 1 n/a <1 1-<1.2 ≥1.2 
Dieldrin 1 n/a <3.4 3.4-<15 ≥15 
DDT 10 n/a <10 10-180 ≥180 
Chlordane 5 n/a <5 5-12 ≥12 
Endrin 1 n/a <1 n/a ≥1 
Methoxychlor 5 n/a <5 n/a ≥5 
alph-BHC 1 n/a <1 n/a ≥1 
gamma-BHC 1 n/a <1 n/a ≥1 
HCB 1 n/a <1 n/a ≥1 
Heptachlor 1 n/a <1 n/a ≥1 
Heptachlor epoxide 1 n/a <1 1-<1.6 ≥1.6 
Notes: 
* Unit: mg/kg for metals and inorganics, µg/kg for organics 
  n/a: not available 
Source: Jeff Mitzelfelt, IEPA (personal communication,1995) 
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† 
Illinois data. He used percentiles that correspond to the approximate equivalents of one 
and two standard deviations from the mean for a normal distribution population. 
Table 23 presents metal and inorganic concentrations of surficial sediments 
collected twice each from stations 1 and 3. Comparison of tables 22 and 23 reveals that 
phosphorus levels in lake sediments can be considered highly elevated. Total kjeldahl 
nitrogen level is elevated at station 1 and normal at station 3. Metal concentrations at 
station 1 exceeded those at station 3. Barium, iron, manganese, and nickel levels for 
sediments at station 1 are highly elevated; and cadmium, copper, lead, zinc, and potassium 
levels at station 1 are elevated. On the other hand, barium, cadmium, and zinc levels at 
station 3 can be classified as normal; levels of the other five metals mentioned above are 
elevated. 
Organics 
Sediment samples were also collected twice each from stations 1 and 3 for organic 
analyses. The parameters analyzed were the same used for in-lake water samples. 
Sediment concentrations of aldrin, DDT, dieldrin, endrin, heptachlor epoxide, lindane (g-
HCH), methoxycholor, and total PCBs (not presented) were below the detection values of 
the method. 
PART II. FEASIBILITY STUDY 
OF VIENNA C.C. LAKE 
INTRODUCTION 
On the basis of the information and the conclusions derived from the diagnostic 
portion of this lake restoration and protection study (see Part I), a feasibility study was 
undertaken to investigate potential alternatives for restoring the environmental quality, 
raw water quality characteristics of the water-supply source, and possibly the recreational 
and aesthetic value of the lake. Its purposes are to identify and evaluate possible 
alternative techniques for restoring and/or protecting the lake water quality to maximize 
lake benefits; to provide sufficient technical, environmental, socioeconomic, and financial 
information to enable decision-makers to select the most cost-effective techniques; and to 
develop a technical program for using the techniques selected. 
Alternative methods to address various problems in the lake are identified and 
evaluated. Anticipated benefits and cost estimates of the proposed lake restoration 
program are also presented. 
In addition to the implementation of the recommended treatment alternatives, it is 
strongly urged that a reduced version of this study's monitoring program be maintained by 
the water treatment operators. This monitoring should include a daily record of lake level 
and precipitation. In addition, a monthly log of activities that might influence the condition 
of the lake such as changes in land use in the watershed or short-term factors that may 
influence the condition of the lake. This information could be entered into a computerized 
database and used to generate periodic reports similar to the monthly operating report by 
the water treatment plant operator. 
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Table 23. Metals and Nutrient Concentrations 
in Vienna Correctional Center Lake Sediment Samples, 1996 
Station 1 Station 3 Detection 
Parameters 2/14 8/20 Average 2/14 8/20 Average limit 
Aluminum 47,493 41,829 44,661 30,330 28,980 29,655 7.56 
Antimony 177k 177k - 177k 177k - 177 
Arsenic 62.6k 62.6k 62.6k 62.6k 62.6k 62.6k 62.6 
Barium 478 432 455 151 149 150 0.78 
Beryllium 0.84 0.78k - 0.86 0.91 0.89 0.78 
Boron 13k 20.5 - 13k 13k - 13.0 
Cadmium 5.65 2.61k - 4.13 2.61k - 2.61 
Calcium 5.336 3.783 4,559 2,955 2,506 2,731 18.3 
Chromium 41.5 34.6 38.1 44.8 29.6 37.2 3.91 
Cobolt 34.3 28.6 31.5 25.5 16.8 21.2 4.69 
Copper 445 538 492 259 169 214 1.83 
Iron 66,714 54,882 60,798 47,272 30,104 38,688 1.83 
Lead 91.8 72.1 82.0 86.2 54.1 70.2 18.0 
Lithium 26.9 22.8 24.9 29.5 19.4 24.5 1.56 
Magnesium 5,243 4,431 4,837 4,983 3,314 4,148 7.82 
Manganese 6,058 5,167 5,613 2,985 636 1,811 0.52 
Mercury 15.6k 15.6k 15.6k 15.6k 15.6k 15.6k 15.6k 
Molybdenum 15.4 8.08k 8.08k 8.08k 8.08k 8.08k 8.08k 
Nickel 3.50 39.5 47.3 37.2 26.3 31.8 11.0 
Potassium 3,006 2,425 2,712 2,817 1,753 2,285 336 
Selenium 94k 94k 94k 94k 94k 94k 94k 
Silicon 6,653 4,097 5,375 2,529 3,022 2,776 7.82 
Silver 1.83k 1.83k 1.83k 1.83k 1.83k 1.83k 1.83k 
Sodium 158 110 134 153 95.8 124.4 20.9 
Strontium 32.7 26.2 29.5 38.1 23.0 30.6 0.78 
Sulfur 16,174 10,718 13,446 2,193 1,721 1,957 67.8 
Thallium 104k 104k 104k 104k 104k 104k 104k 
Tin 15.6k 15.6k 15.6k 15.6k 15.6k 15.6k 15.6k 
Titanium 891 890 891 1,010 721 866 2.09 
Vanadium 91.6 79.4 85.5 80.2 54.8 67.5 3.13 
Zinc 172 138 155 157 118 138 1.56 
Total kjeldahl 
nitrogen 12,458 8,870 10,664 5,060 2,300 3,680 38 
Total phosphorus 1,481 12,840 7,161 480 7,320 3,900 2 
Total solids, % 6.29 10.2 8.2 25.4 31.8 28.6 0.03 
Volatile solids, % 17.9 18.0 18.0 10.4 8.11 9.26 0.03 
Note: 
All values are expressed as mg/kg, except as noted. 
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EXISTING LAKE QUALITY PROBLEMS 
On the basis of the detailed and systematic study of the lake ecology, which 
covered a period of more than 12 months, an assessment of the physical, chemical, and 
biological characteristics of the lake water and sediment was made. Additionally, factors 
affecting the lake's aesthetic and ecological qualities were assessed, and the causes of its 
use degradation were determined. The lake's hydraulic, sediment, and nutrient budgets 
were estimated using the data collected for precipitation, lake-level fluctuations, and the 
water quality characteristics of ephemeral runoffs into the lake after storm events. 
Surface sample chemical quality characteristics of parameters for which standards 
(General Use Standards) are set in Illinois were all within the stipulated limits. Mean 
chemical oxygen demand (COD) was less than 20 mg/L. Ammonia levels met the Illinois 
standard at all times. Similar to ammonia nitrogen, total phosphorus concentrations were 
generally below the 0.05 mg/L limit except with a few exceptions in the deep waters of 
station 1 during summer months. Total phosphorus values found in the lake were 
significantly lower than the values observed for lakes in agricultural watersheds. 
Heavy metals and organics examined in the lake waters and lake sediments were 
either within the normal ranges observed and were reported by IEPA for several lakes or 
were within the standards stipulated. 
The impacts of open feed lots on the north side of the lake and of the continuous 
minor, discharge from the ethanol plant on the south side of the lake are no longer of 
concern since these operations have ceased. 
The lake did not exhibit algal blooms, which could cause taste and odor problems 
and shorter filter runs in the water treatment plant. Also, there were no dense or 
undesirable macrophytes (rooted vegetation in the shallow littoral zone) in the lake. As a 
matter of fact, they were very sparse. 
The anoxic condition of the lake in the hypolimnetic zone during the summer 
months was identified as a problem. During the peak summer stratification period, there is 
no oxygen at depths below 10 feet from the surface. About 38 percent of the lake volume 
was estimated to be anoxic. Water withdrawn at depths below 10 feet from the surface 
was found to be high in iron, manganese, ammonia, and phosphorus. It will also have high 
chlorine demand values and high concentrations of trihalomethane precursors 
(Kothandaraman and Evans, 1982). Phosphorus release from the lake bottom sediments 
under anaerobic conditions is several times higher than under aerobic conditions. Elevated 
phosphorus levels in the lake will not only result in increased violations of phosphorus 
standards, but also could cause algal growths of bloom proportions in the future. These 
will have deleterious impacts on the water treatment plant operations as discussed earlier. 
Sedimentation of the western end of the lake was also determined to be an area of 
concern. In the interface area between the inflow of the main creek branch and the lake a 1 
acre area of exposed delta formation has occurred. An additional 1 to 2 acre area was 
observed to be affected as an area of limited water depth (1 foot or less). Sedimentation 
has filled these areas to a depth of 3 to 5 feet. This area of significant sedimentation will 
progress farther into the lake with time. 
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Based on the results of diagnostic study, it is apparent that the major problem 
identified in the lake that needs to be addressed is the anoxic conditions during the 
summer months. Continued sedimentation of the western end of the lake is of lower 
concern. 
PROPOSED LAKE MANAGEMENT 
Artificial Destratification and Hypolimnetic Aeration 
Artificial destratification and hypolimnetic aeration are processes by which the lake 
waters are oxygenated and circulated either by mechanical water pumps or by compressed 
air released at the lake bottom. In the case of compressed air mixing, vertical water 
currents are generated as the bubbles rise to the surface. The colder and denser bottom 
water mixes with warmer surface water, and then sinks to a level of equal density and 
spreads horizontally. Oxygen is added to the water directly from the compressed air as 
well as by contact with the atmosphere. As the mixing process continues, complete 
circulation is achieved and the lake approaches uniform temperature and dissolved oxygen 
conditions from the surface to the bottom. The whole water mass becomes inhabitable by 
lake biota, and raw water with drawn from the deeper zone will require less chemical use 
for treated water that will have improved water quality characteristics. 
In contrast to total aeration, several types of aeration devices have been designed 
to oxygenate the hypolimnetic waters without disrupting thermal stratification. Typically, 
the aerator consists of a large diameter pipe that extends from the lake bottom to a few 
feet above the water surface. Water inlet ports are located near the bottom of the pipe, 
and outlet ports are located below the thermocline. The bottom water is airlifted up the 
vertical tube. The rising bubbles are vented to the atmosphere and the water is returned to 
the hypolimnion. This system is not suitable for shallow lakes such as Vienna C.C. Lake. 
A thorough discussion on aeration/circulation as a lake restoration technique can 
be found in the report by Pastorok et al. (1981) prepared for the U.S. Environmental 
Protection Agency. 
The advantages of artificial destratification in eutrophic lakes are: 
• With increased oxygen levels in the hypolimnion, there is a reduction in the 
anaerobic release of nutrients from the bottom sediments. 
• Oxidation of reduced organic and inorganic materials occur in the water. 
(This is particularly advantageous when the lakes serve as a raw water source, 
because taste, odor, and color problems caused by iron, manganese, and/or 
hydrogen sulfide are eliminated or at least minimized.) 
• The range of benthic populations extends to the profundal region which was 
once anaerobic. (An increase in the number of fish and a shift to more 
favorable species can result from the greater availability of food organisms.) 
• Favorable changes in algal populations occur with a decrease in undesirable 
blue-green species. (This is a result of the lowering of water temperature and 
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the distribution of the algae between the euphotic and aphotic zones; 
however, there is no reduction in the productivity of the lake.) 
• Evaporation rates are reduced in summer with the reduction in surface water 
temperatures. 
• Artificial destratification often results in increased water clarity. 
• Winter fish kills may be prevented by maintaining sufficient oxygen levels 
under ice. 
The disadvantages of artificial destratification are: 
• It causes an increased heat budget in the lake. 
• Aeration may temporarily increase water turbidity due to the resuspension of 
bottom sediments. 
• In most investigations artificial destratification resulted in a reduction in blue-
green algae, but in other instances there was no observable effect on blue-
green algae. 
• Artificial destratification may induce foaming. 
• The oxygen demand of resuspended anaerobic mud may result in a decrease 
in oxygen concentrations, at least temporarily, that may kill fish. 
• Aeration may cause supersaturation of nitrogen gas, raising the potential 
danger to fish of gas bubble disease. 
About 30 lakes in Illinois use aeration/destratification as a lake management 
technique for enhancing aesthetic and lake water quality characteristics. Of these, two 
dozen serve as water-supply sources. Among these, 18 lakes use low energy, mechanical 
destratifiers discussed by Kothandaraman and Evans (1982). One of the authors of this 
report has personal knowledge about the operation and benefits of these systems through 
visits and contacts with the water treatment plant personnel. In every instance, the taste 
and odor problems, iron and manganese problems (Pinkneyville and Nashville), and algal 
bloom problems were brought under control. Several of these utilities reported reductions 
in the chemical usages in the water treatment. Kothandaraman and Evans (1982) have 
documented in detail the economic and other benefits achieved by the city of Eureka after 
a mechanical destratifier was installed in Lake Eureka, the city's raw water-supply source. 
This alleviated not only the taste and odor problems in the finished waters and the plant 
operational problems such as floc carryover to the filters, clogging of sludge drawoff 
pipes, etc., but there was also a substantial savings in power and chemical costs, 45 to 50 
percent of costs for the pre-aeration period. 
The ISWS experience in applying destratification as an in-lake treatment technique 
in Illinois lakes has been excellent (Kothandaraman and Evans, 1982). Aeration in 
combination with in-lake chemical treatment at periodic intervals was found to result in a 
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dramatic shift of algal species makeup from problem-causing blue-green algae to more 
desirable greens and diatoms. Most of the detrimental effects of aeration cited earlier did 
not materialize in the Water Survey's investigations. Since warm water fisheries are the 
major concern in Illinois, a slight increase in the heat budget of the lake is of very minor 
consequence. 
According to Pastorok et al. (1981), the effects of artificial circulation on 
phytoplankton populations have been reported to be extremely variable, not only because 
of the way techniques are applied and the efficiency of mixing devices vary among 
investigations, but also because different biological communities exhibit different 
responses to the same kind of perturbations. These authors report that in 40 investigations 
where destratification was relatively complete, only 65 percent led to any significant 
change in algal concentrations; of these, about 30 percent resulted in more algae than 
before destratification. The authors provide detailed information on algal responses to 
artificial circulation for each of the 40 lakes discussed in their report. 
Pastorok et al. (1981) report that expanded habitats following destratification are 
beneficial to fish populations because of increased food supply and alleviation of crowding 
into epilimnetic strata during the summer. They cite studies that showed increased growth 
rates in fish populations. 
In view of the enormous benefits achievable by this in-lake treatment technique, 
destratification is not only an economically and technically feasible management tool, but 
an indispensable one for lakes in Illinois with maximum depths greater than 12 to 15 feet. 
Not only will aeration increase the fish habitat to 100 percent of the lake volume in 
summer months, prevent fish kills in winter, and improve the aesthetic conditions in the 
lake, but it is also likely to reduce the phosphorus loading to the lake. 
An aerator system of the type developed by Quintero and Garton (Kothandaraman 
and Evans, 1982) or a compressed air aeration system commonly available on the market 
is suitable for Vienna C.C. Lake. In the former case, the sizing of the impeller blade and 
motor is done so that the downdraft jet penetrates to the bottom of the lake during the 
peak of lake stratification. In the case of compressed air aeration, an air delivery rate of 30 
standard cubic feet per minute per million square feet of lake water surface is needed to 
ensure adequate lake circulation (Pastorok et al., 1981). Based on the Water Survey's 
experience, the cost of an adequate system for the lake, including complete installation and 
testing, will be $20,000 with a monthly power cost in the range of $125 to $150. 
Sedimentation Basin 
The progression of the sedimentation delta in the western end of the lake could be 
reduced or halted by the construction of a sedimentation basin in the existing exposed 
sedimentation area. This would require the regrading of the soil to form a shallow basin 
enclosed by a low berm. The coarse portion of the sediment load of the creek would be 
deposited within the sedimentation basin. A restricted outlet through the berm would be 
constructed and armored with gravel to allow for passage of the streamflow. 
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LAKE MONITORING SCHEDULE AND BUDGET 
Monitoring Program 
In order to evaluate the response of Vienna C.C. Lake to restoration activities, a 
monitoring program should be continued immediately before, during, and after the 
installation of a destratifier to document the changes in the lake's water quality and the 
impact on the water treatment plant. The following monitoring schedule will be used to 
evaluate the effectiveness of the in-lake management technique adopted for the lake. 
The lake will be monitored for DO, temperature, and Secchi disc readings at the 
deep and shallow stations and one intermediate location along the length of the lake as 
was done during the initial phase of this investigation. Observations for DO and 
temperature will be made at 2-foot intervals at the deep station commencing from the 
surface and at 1-foot invervals at the other two stations. 
Water samples for chemical analyses will be collected 1 foot below the water 
surface and 2 feet above the bottom at the deep station. Only near surface samples will be 
collected from the other two stations in the lake. Analyses will be made for pH, alkalinity 
(phenolphthalein and total), total suspended and dissolved solids, volatile suspended 
solids, turbidity, total phosphorus, dissolved phosphorus, nitrate plus nitrite nitrogen, 
ammonia nitrogen, total kjeldahl nitrogen, turbidity, and COD. 
Integrated water samples (integrated to a depth of twice the Secchi disc depth) will 
be collected at each deep station for determining chlorophyll-a, b, c, and pheophytin. 
Integrated water samples will also be collected for algae and zooplankton identification 
and enumeration. A macrophyte survey will be made once at the appropriate period during 
this monitoring program. 
Sediment samples with an Ekman/Petite Ponar dredge from one deep and one 
shallow station will be examined for macroinvertebrate identification and enumeration. 
Physical and chemical water quality characteristics will be monitored at biweekly 
intervals (May-September) and at monthly intervals (October-April). Algae and 
zooplankton samples will be collected at monthly intervals from May-September, and 
benthos will be examined once in late spring and again in mid-summer. 
Budget 
As indicated earlier, a suitable and adequate destratification system for the lake will 
cost about $20,000, including the cost of equipment, electrical control panels, and 
installation. Monthly operating costs are likely to vary from $125 to $150. Post-
implementation lake monitoring and report preparation is estimated to amount to $35,000. 
PART III. WATER-SUPPLY YIELD ANALYSIS 
A water-supply yield analysis was made for Vienna C.C. Lake to evaluate its 
probable performance as a water-supply source for the Vienna C.C. This analysis is critical 
to effective management of the lake as a raw water resource. 
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The drought recurrence interval is the period of years for which a given drought is 
likely to occur only once. This statistical measure should not be interpreted as indicating 
that the given drought cannot occur more than once during any period of time. The net 
yield of the lake for a given drought severity is expressed as a potentially available average 
daily withdrawal over the duration of the drought 
The evaluation was initiated by performing a general yield analysis for the lake on 
the basis of Illinois State Water Survey Bulletin 67 (Terstriep et al., 1982). A standard 
analysis of the anticipated net yield for the reservoir was performed using two nearby 
reference stream gaging stations. These results are summarized as follows: 
Reservoir: Vienna C.C. Lake 
Watershed area: 1.25 square miles 
Reservoir surface area: 76.7 acres 
Reservoir volume: 1,080 acre-feet (16 inches of runoff from the watershed) 
1996 withdrawal rate: 0.600 million gallons per day 
Reference gaging station #1: Lake Glendale inlet near Dixon Springs 
Historical record length: 9 years 
Watershed area: 1.04 square miles 
Mean station flow: 1.53 inches per month from the watershed 
Net yield: 
25-year recurrence interval 0.696 million gallons per day 
50-year recurrence interval 0.587 million gallons per day 
100-year recurrence interval 0.465 million gallons per day  
Reference gaging station #2: Sugar Creek near Dixon Springs 
Historical record length: 21 years 
Watershed area: 9.93 square miles 
Mean station flow: 1.40 inches per month from the watershed 
Net yield: 
25-year recurrence interval 0.705 million gallons per day 
50-year recurrence interval 0.613 million gallons per day 
100-year recurrence interval 0.564 million gallons per day 
The statistical record for both of these stations was extended on the basis of 
correlating monthly flow records to corresponding records for the Cache River at Forman 
which had a record of 56 years at the time Bulletin 67 was prepared. 
The watershed area of Vienna C.C. Lake falls in the range between those of the 
two reference stations analyzed and is actually very close to that of the Lake Glendale site. 
On this basis, the Lake Glendale station should provide the best representation of the 
runoff characteristics of the Vienna C.C. Lake watershed. The Lake Glendale site has 
several distinct disadvantages for use in this analysis due to the shorter length of the 
historical record and the lack of coverage for significant drought periods. 
The Sugar Creek station is significantly larger than the Vienna C.C. Lake 
watershed and will probably have slightly higher low flow discharges as a result. The 
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longer historical flow record and the inclusion of the drought period of the early 1950s 
within that record are advantages in low flow yield analyses. 
To better define the relative advantages of these two records, the extended flow 
records for the two stations were updated on the basis of the most current records for the 
Cache River station (1925-1993). These records were converted to a maximum potential 
reservoir yield by developing running averages over monthly ranges of inflow, lake 
evaporation rates, and reservoir storage capacity. The most critical monthly inflow periods 
(drought duration) were 32-month, 44-month, and 56-month periods. Evaporation rates 
for this analysis were taken from Bulletin 67. 
The updated record analysis using the Lake Glendale station for flow 
representation indicates a lower yield than the original Bulletin 67 analysis as shown in 
figure 11 for a 32-month duration drought. For the 25-year recurrence interval drought, 
the updated record indicates a yield of 0.656 million gallons per day (mgd), the 50-year 
recurrence interval drought would allow an average net yield of 0.613 mgd, and the 100-
year recurrence interval drought would have a yield of 0.577. The latter value indicates 
that the lake would be inadequate to provide the current raw water withdrawal of 0.6 mgd 
during a drought with a probability of occurring once in 100 years. The lake would be 
adequate to provide the 0.6 mgd for a drought with a probability of occurring once every 
65 years. 
Also shown in figure 11 are examples of the impact of increasing raw water 
withdrawals from the lake to 0.8 and 1.0 mgd. These withdrawal rates would exceed the 
demands of 5-and 2-year recurrence interval droughts, respectively. 
The results for each of the analyses performed for Vienna C.C. Lake potential 
water-supply yield indicate that the adequacy of the reservoir supply is limited to the 0.6 
mgd that is now being used. Any significant increase in the rate of withdrawal will result in 
a greatly increased likelihood of exhausting the supply during drought periods. 
The results of the extended annual record analysis for Lake Glendale are an 
effective tool for demonstrating the effects of drought on the water-supply. These results 
are plotted in figure 12 for the 32-month drought analyses along with a plot of historical 
water use figures for the centers and a line indicating the 1996 average withdrawal of 0.6 
mgd. These plots show that the most critical period for water-supply withdrawals since the 
construction of the lake was in the late 1980s when a maximum withdrawal rate of 0.720 
mgd would have been possible. The most critical period in the extended record was during 
the early 1950s when a maximum withdrawal of 0.567 mgd would have been possible. 
Also to be noted in figure 12 is the fact that potential yields for the period since the 
construction of the lake have been very stable relative to pre-reservoir conditions. Severe 
droughts were experienced in the 1930s, 1940s, 1950s, and the early 1960s. 
Based on this analysis the raw water withdrawal rates for the lake are at the 
maximum practical levels. Any further growth in withdrawal rates will result in 
increasingly frequent drawdown incidents for the lake. It is recommended that the 
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Figure 11. Drought period yield for Vienna Correctional Center Lake for selected 
reference intervals 
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Figure 12 Plot of pr  Id of Vienna Correctional Center Lake 
based on xtended flow record 
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Department of Corrections initiate planning efforts to limit the growth of water use at the 
centers. The Department should also prepare a set of detailed drought contingency plans 
to reduce water use when drought conditions are indicated and augment the lake supply 
from other available sources. 
PROJECT SUMMARY 
The Illinois State Water Survey (ISWS) undertook a detailed and systematic 16-
month diagnostic-feasibility study of the Vienna C.C. Lake beginning on October 1, 1995. 
The major objective of the project was to assess the present condition of the lake and to 
recommend an integrated protection/mitigation plan for the lake and its watershed on the 
basis of this evaluation. 
The diagnostic study was designed to delineate existing water quality problems and 
other factors affecting the lake's recreational, aesthetic, and ecological qualities; to 
examine the causes of degradation, if any; and to identify and quantify the sources of 
nutrients and any pollutants flowing into the lake. On the basis of the study findings, water 
quality goals were established for the lake. Alternative management techniques were then 
evaluated in relation to the established goals. 
The Illinois Department of Central Management Services funded the diagnostic-
feasibility study. The consulting firm of Walker, Baker, and Associates was responsible for 
grant administration and management. The study was conducted using protocols 
developed for the U.S. Environmental Protection Agency (USEPA) and Illinois 
Environmental Protection Agency (IEPA) Clean Lakes Programs. 
Diagnostic Study 
Located in Johnson County in southern Illinois, the Vienna C.C. (C.C.) is a 76.7-
acre lake constructed in 1965 to serve as a water-supply reservoir for the Vienna C.C. The 
lake is owned by the State of Illinois and maintained by the Illinois Department of 
Corrections. The lake was formed by construction of a dam across a tributary to Bay 
Creek. 
The study area is six miles east of Vienna, Illinois, just outside the Shawnee 
National Forest. The watershed of the lake is dominated by two Department of 
Corrections facilities: the Vienna C.C, a minimum security facility, and the Shawnee 
Center, a medium security facility. A large stormwater detention basin was built adjacent 
and to the east of the Shawnee Center when it was constructed in the early 1980s. 
The drainage area for Vienna C.C Lake is 797 acres. Most of the watershed area is 
owned and operated by the Department of Corrections. Illinois Route 146 crosses the 
watershed for a length of approximately one mile. Several hundred acres on the west end 
of the watershed and on the south side of Route 146 are privately owned. No known 
point-source municipal or industrial waste discharges occur in the lake's watershed. None 
of the discharges are covered by National Pollution Discharge Elimination System 
(NPDES) permits. 
The area surrounding the lake contains small tracts of dry-mesic and dry upland 
forest communities, moist soil areas and herbaceous openlands. The southern shores of the 
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lake are quite scenic with cliffs, moderately steep valley slopes, and intermittent streams. 
Vegetation within these communities is related to soil depth, slope, and aspect, and is 
greatly influenced by past and present land uses. The fisheries survey conducted for the 
study indicated that areas of concern include the low proportional stock index for all 
species and the low standard weight for all bass sizes. 
The hydrologic system of Vienna C.C. Lake is composed of the following major 
units: 
• the lake pool, 
• surface drainage from the two main tributaries to the lake, 
• the Shawnee stormwater detention basin, 
• the water-supply withdrawal, and 
• the local sandstone aquifer system. 
In order to evaluate the lake water quality, both historical and current limnological 
data were gathered. A sampling program was developed to collect data from the lake and 
its tributaries for 12 consecutive months from October 1995 through September 1996, and 
these data are referred to as the current baseline data. In situ monitoring and water and 
sediment sample collections were conducted. In addition, a survey for macrophytes, a 
bathymetric survey, stage level measurements, and flow determinations were carried out 
as required. Historical data were obtained from IEPA, and ISWS data, and other 
publications as noted. 
During the one-year monitoring period, 18.9 percent of the inflow volume to the 
lake was direct precipitation on the lake surface; 70.5 percent was watershed runoff; 7.8 
percent was ground-water inflow; and a 2.9 percent decrease in storage was observed. 
Outflow volume was 16.1 percent evaporation, 33.1 percent spillway overflow, and 50.9 
percent water-supply withdrawal. 
A sedimentation survey showed that basin capacity was reduced from 1,160 acre-
feet when the lake was constructed in 1965 to 1,080 acre-feet in 1996. The 1996 basin 
capacity was 93 percent of the original 1965 capacity. For water-supply purposes, these 
volumes convert to capacities of 378 million gallons (mg) in 1965 and 352 mg in 1996. 
An analysis of lake-use support for the lake was carried out employing the 
methodology developed by the IEPA (1994). Using data obtained from station lS and 
lake information, the analysis was performed on the basis of several uses: aquatic life, 
recreation, swimming, drinking water supply, and overall use. The results of lake-use 
support analyses suggest that Vienna C.C. Lake is classified as full use support for all uses 
mentioned above. 
Feasibility Study 
On the basis of the information and the conclusions derived from the diagnostic 
portion of this lake restoration and protection study, a feasibility study was undertaken to 
investigate potential alternatives for restoring the environmental quality, raw water quality 
characteristics of the water-supply source, and possibly the recreational and aesthetic 
value of the lake. Its purposes were to identify and evaluate possible alternative techniques 
for restoring and/or protecting the lake water quality to maximize lake benefits; to provide 
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sufficient technical, environmental, socioeconomic, and financial information to enable 
decision-makers to select the most cost-effective techniques; and to develop a technical 
program for using the techniques selected. Alternative methods to address various 
problems in the lake were identified and evaluated. The report also contains anticipated 
benefits and cost estimates of the proposed lake restoration program. 
On the basis of the detailed and systematic study of the lake ecology, which 
covered a period of more than 12 months, an assessment of the physical, chemical, and 
biological characteristics of the lake water and sediment was made. Additionally, factors 
affecting the lake's aesthetic and ecological qualities were assessed, and the causes of its 
use degradation were determined. The lake's hydrologic, sediment, and nutrient budgets 
were estimated using the data collected for precipitation, lake-level fluctuations, and the 
water quality characteristics of ephemeral runoffs into the lake after storm events. In 
addition to the implementation of the recommended treatment alternatives, it is strongly 
urged that a reduced version of this study's monitoring program be maintained by the 
water treatment operators. 
Surface sample chemical quality characteristics of parameters for which standards 
(General Use Standards) are set in Illinois were all within the stipulated limits. Heavy 
metals and organics examined in the lake waters and lake sediments were either within the 
normal ranges observed and reported by IEPA for several lakes or were within the 
standards stipulated. The lake did not exhibit algal blooms, which could cause taste and 
odor problems and shorter filter runs in the water treatment plant. Also, there were no 
dense or undesirable macrophytes (rooted vegetation in the shallow littoral zone) in the 
lake. As a matter of fact, they were very sparse. 
Anoxic conditions of the lake in the hypolimnetic zone during the summer months 
were identified as being a problem. During the peak summer stratification period, there is 
no oxygen at depths below 10 feet from the surface. About 38 percent of the lake volume 
was estimated to be anoxic. Water withdrawn at depths below 10 feet from the surface 
was found to be high in iron, manganese, ammonia, and phosphorus. Sedimentation of the 
western end of the lake was also determined to be an area of concern. 
Based on the results of diagnostic study, it is apparent that the major problem 
identified in the lake that needs to be addressed is the anoxic conditions during the 
summer months. Continued sedimentation of the western end of the lake is of lower 
concern. 
Proposed Lake Management 
Artificial Destratification and Hypolimnetic Aeration 
Artificial destratification and hypolimnetic aeration are processes by which the lake 
waters are oxygenated and circulated either by mechanical water pumps or by compressed 
air released at the lake bottom. In the case of compressed air mixing, vertical water 
currents are generated as the bubbles rise to the surface. The colder and denser bottom 
water mixes with warmer surface water, and then sinks to a level of equal density and 
spreads horizontally. Oxygen is added to the water directly from the compressed air as 
well as by contact with the atmosphere. As the mixing process continues, complete 
circulation is achieved and the lake approaches uniform temperature and dissolved oxygen 
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conditions from the surface to the bottom. The whole water mass becomes inhabitable by 
lake biota. 
Selective Dredging 
The progression of the sedimentation delta in the western end of the lake could be 
reduced or halted by the construction of a sedimentation basin in the existing exposed 
sedimentation area. This would require regrading the soil to form a shallow basin enclosed 
by a low berm. The coarse portion of the sediment load of the creek would be deposited 
within the sedimentation basin. A restricted outlet through the berm would be constructed 
and armored with gravel to allow for passage of the streamflow. 
Water-Supply Yield Analysis 
A water-supply yield analysis was made for Vienna C.C. Lake to evaluate its 
probable performance as a water-supply source for the Vienna C.C. This analysis is critical 
to effective management of the lake as a raw water resource. In this analysis, the drought 
recurrence interval is the period of years for which a given drought is likely to occur only 
one time. The net yield of the lake for a given drought severity is expressed as a 
potentially available average daily withdrawal over the duration of the drought. 
The analysis followed the methodology described in Illinois State Water Survey 
Bulletin 67 (Terstriep et al., 1982). Statistical records for Lake Glendale inlet and Sugar 
Creek were extended on the basis of correlating monthly flow records to corresponding 
records for the Cache River at Forman. The most critical monthly inflow periods (drought 
duration) were 32-month, 44-month, and 56-month periods. 
For the 25-year recurrence interval drought, the analysis indicates a yield of 0.656 
million gallons per day (mgd), the 50-year recurrence interval drought would allow an 
average net yield of 0.613 mgd, and the 100-year recurrence interval drought would have 
a yield of 0.577. The latter value indicates that the lake would be inadequate to provide 
the current raw water withdrawal of 0.6 mgd during a drought with a probability of 
occurring once in 100 years. The lake would be adequate to provide the 0.6 mgd for a 
drought with a probability of occurring once every 65 years. 
Based on this analysis the raw water withdrawal rates for the lake are at the 
maximum practical levels. Any further growth in withdrawal rates will result in 
increasingly frequent drawdown incidents for the lake. It is recommended that the 
Department of Corrections initiate planning efforts to limit the growth of water use at the 
centers. The Department should also prepare a set of detailed drought contingency plans 
to reduce water use when drought conditions are indicated and augment the lake supply 
from other available sources. 
A short list of supplemental supply options includes: 
• Water use efficiency efforts at the Centers for normal use and drought emergencies. 
• A pump station on Bay Creek to divert water into the existing lake. 
• Developing a direct withdrawal on Bay Creek. 
• Piping water from drift wells in the Mississippi or Ohio valley deposits. 
• Raising the spillway level of the lake. 
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• Modification of the outlet works and possible expansion of the size of the stormwater 
detention basin adjacent to the Shawnee Center to facilitate its use as a supplemental 
supply. 
• Development of a local ground-water supply. 
• Connection to a local distribution network. 
Each of these developments would require extensive technical review, and several will 
require State of Illinois and Federal permits. Each could be developed as either a 
permanent supply supplement or as an emergency supply. Emergency planning should be 
initiated immediately and all design and permitting completed before an emergency occurs. 
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Appendix I. EDNR Fisheries Management Report 
Period: 1997-1999 Fisheries Manager: C. Bickers District No: 26 
Lake Name: Vienna Corr. Center County: Johnson Water No: 54014 
Ownership: State Acreage: 76 
1. Introduction or Brief Historical Perspective: 
Vienna Correctional Center Lake, located six miles east of Vienna on the grounds of a 
minimum security prison, was constructed in 1964 as a water supply for the institution. 
Vienna Correctional Center Lake is owned by the State, however only inmates and 
Department of Corrections staff are allowed to fish. 
2. Lake Physical-Chemical Characteristics: 
At normal pool, Vienna Correctional Center Lake has a surface area of 76 acres and 
maximum and average depths of 24 and 12 feet, respectively. Watershed size is 500 acres, 
and shoreline length is 2.5 miles. Summer Secchi transparency in 1996 was five feet, which 
would be sufficient to allow shallow littoral areas to become filled with extensive submerged 
vegetation. However, much of the shoreline is comprised of rock bluffs with adjacent water 
depths exceeding those that would allow sunlight to reach the bottom. The lake contains 
relatively low total alkalinity (approximately 70) and apparently enough fertility to support light 
to moderate plankton blooms during summer months. 
3. Identification of Problems Limiting Management with Potential Solutions: 
In order to formulate an effective fisheries management plan, data representative of the 
existing fish population must be collected. Three obstacles existed which reduced the 
probability that an accurate fish sample was collected from Vienna Correctional Center Lake: 
1) Like many lakes in southern Illinois, low conductivity (approximately 140 mmho/cm in 
Vienna Correctional Center Lake) lowered electrofishing gear efficiency. Available direct 
current electrofishing equipment, more effective for fish collection in waters with low 
conductance, was not in working order in August 1996, so survey work was accomplished 
with traditional alternating current gear. 2) Deep littoral areas of Vienna Correctional Center 
Lake are not conducive to effective electrofishing. Electrofishing gear is most efficient near 
shore in relatively shallow water where the opportunity for avoidance of the electrical field is 
diminished. 3) Warm surface water temperatures (27C on August 30, 1996) often cause 
larger fish to seek deeper water away from the shoreline where most survey work is 
conducted. 
To increase the probability of collecting an accurate fish population sample, future 
electrofishing efforts in Vienna Correctional Center Lake will be accomplished with direct 
current gear when water temperatures are approximately 15 to 20C. 
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Appendix I. Continued 
4. Overall Fish Management Goals: 
• Maintain and/or improve existing bluegill and redear fisheries. 
• Maintain and/or improve existing largemouth bass fishery. 
5. Managed or Stocked Fish Species Population Objectives: 
In accordance with the Shawnee National Forest Fisheries Management Plan: 
A. Largemouth bass: 
• Survey data should exhibit proportional stock density (PSD) in the range of 20-40. 
• Wr values should show average condition (90-110). 
B. Bluegill and/or Redear sunfish: 
• Survey data should exhibit a PSD value in the range of 40-60. 
• Wr values should show average condition (90-110). 
6. Recommended Lake Management Activities with Rationale for Implementation: 
• Continue annual or biennial biosurveys to monitor fish population trends. August 1996 
PSD values were well below stated objectives for each species (Table 1). However, 
future data may indicate this result to be related to gear efficiency. 
• Monitor length frequency and condition of largemouth bass, bluegill and redear. 
Relative weights of largemouth bass were near the low end of their acceptable range 
(Table 2). If future data indicate similar values, a management strategy for increasing 
bass condition may be recommended. Relative weights of bluegill and redear were 
within acceptable limits (Tables 3 and 4), thus no changes in sunfish management are 
presently suggested. 
7. Recommended Angling Regulations with Rationale for Implementation: 
Since the survey conducted in August of 1996 represents the only known fish population 
analysis of Vienna Correctional Center Lake since 1971, additional information will be 
required before regulation modifications can be considered. 
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Appendix I. Continued 
Table 1. Proportional stock density (PSD) of largemouth bass, bluegill, and 
redear collected from Vienna Correctional Center Lake 6-30-96. 
SPECIES PSD* GOAL 
largemouth bass 15.6 20 -40 
bluegill 18.4 40 -60 
redear 7.1 40-60 
* PSD or proportional stock density is a ratio of the number of quality size 
fish collected to the total number of fish collected (excluding young of the 
year) for each species. 
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Appendix I. Continued 
Table 2. Number per centimeter group and relative weight of largemouth bass 
collected from Vienna Correctional Center Lake 8-30-96. 
CM GROUP NUMBER RELATIVE WT* 
10 2 116 
11 
12 
13 1 104 
14 1 115 
15 
16 
17 
18 
19 
20 1 98 
21 3 97 
22 4 92 
23 4 92 
24 4 95 
25 5 87 
26 1 66 
27 2 86 
28 1 84 
29 2 83 
30 2 86 
31 1 97 
32 2 77 
TOTAL 36 MEAN 91.7 
* Relative weight is % of "standard weight" for any given length of a species. 
94 
Appendix I. Continued 
Table 3. Number per centimeter group and relative weight of bluegill 
collected from Vienna Correctional Center Lake 8-30-96. 
CM GROUP NUMBER RELATIVE W T * 
5 1 
6 6 
7 7 
8 11 96 
9 7 94 
10 8 99 
11 2 96 
12 
13 
14 3 98 
15 2 95 
16 1 69 
17 2 76 
18 1 89 
19 1 79 
TOTAL 52 MEAN 94 
* Relative weight is % of "standard weight" for any given length of a species. 
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Appendix I. Concluded 
Table 4. Number per centimeter group and relative weight of redear 
collected from Vienna Correctional Center Lake 8-30-96. 
CM GROUP NUMBER RELATIVE WT* 
3 1 
* 
4 
5 2 
6 
7 
8 
9 
10 
11 
12 
13 
14 6 101 
15 8 95 
16 9 93 
17 3 88 
18 1 80 
19 1 88 
TOTAL 31 MEAN 94.1 
— 
* Relative weight is % of "standard weight" for any given length of a species. 
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Appendix II. Treated Water Qualilty 
Appendix II. Concluded 
Appendix III. Sedimentation Survey Cross Section Profiles 
99 
Appendix III. Continued 
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Appendix III. Concluded 
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Appendix IV. Lakebed Sediment Particle Size Distribution Data 
PS 3: R19 to R20 PS 11: R15 to R16 PS 17: R9 to R10 
Surface sediments Surface sediments Surface sediments 
Grain Percent Grain Percent Grain Percent 
size finer size finer size finer 
0.063 99.6 0.063 100.0 0.063 100.0 
0.031 92.6 0.031 100.0 0.031 100.0 
0.016 60.3 0.016 89.1 0.016 95.9 
0.008 40.7 0.008 69.3 0.008 85.7 
0.004 34.4 0.004 52.7 0.004 77.8 
0.002 31.0 0.002 47.0 0.002 68.3 
PS 6: R17a to R19 PS 14: R13 to R14 PS 19: R7 to R8 
Surface sediments Surface sediments Surface sediments 
Grain Percent Grain Percent Grain Percent 
size finer size finer size finer 
0.063 99.7 0.063 100.0 0.063 100.0 
0.031 96.9 0.031 100.0 0.031 100.0 
0.016 75.0 0.016 95.0 0.016 93.9 
0.008 49.3 0.008 81.6 0.008 85.6 
0.004 37.3 0.004 65.3 0.004 78.9 
0.002 31.0 0.002 55.4 0.002 68.6 
PS 9: R17 to R18 PS 15: R11 to R12 PS 21: R5 to R6 
Surface sediments Surface sediments Surface sediments 
Grain Percent Grain Percent Grain Percent 
size finer size finer size finer 
0.063 99.7 0.063 99.4 0.063 100.0 
0.031 97.7 0.031 98.3 0.031 100.0 
0.016 75.7 0.016 84.7 0.016 93.6 
0.008 50.8 0.008 71.5 0.008 87.0 
0.004 40.0 0.004 60.0 0.004 77.6 
0.002 32.8 0.002 52.2 0.002 68.7 
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Appendix IV. Concluded 
PS 23: R3 to R4 PS 25: Rl to R2 
Surface sediments Surface sediments 
Grain Percent Grain Percent 
size         finer                          size finer 
0.063 99.4 0.063 100.0 
0.031 96.1 0.031 100.0 
0.016 88.0 0.016 93.5 
0.008 81.9 0.008 86.8 
0.004 73.7 0.004 77.5 
0.002 66.5 0.002 68.1 
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Appendix V. Laboratory Analytical Methods 
Unit of Detection 
Parameter Method of analysis (reference) measure limits 
Temperature In situ measurement using YSI °C 0.1° 
Model 58 dissolved oxygen meter 
Dissolved Oxygen In situ measurement using YSI mg/L O2 0.1 mg/L 
Model 58 DO meter 
pH On site using Necter model 47 none 0.05 
after collection 
Alkalinity Titration of 25-mL sample using mg/L as CaCO3   2 mg/L as 
Nester Model 47 pH meter with CaCO3 
0.02 N H2SO4 to pH 8.3 
(phenolphthalein alkalinity) and 
to pH 4.5 (total alkalinity) 
Conductivity Standard Methods 18th edition, umho/cm 1 umho/cm 
2510 Wheatstone bridge 
Chemical oxygen Standard Methods 18th edition, mg/L 1 mg/L 
demand 5220C Titrametric 
Chlorophyll Standard Methods 17th edition,  µg/L   1.5 µg/L 
10200 Spectrophotometric 
Ammonia-N Standard Methods 18th edition, mg/L 0.1 mg/L 
4500-NH3-N Automated phenate 
Nitrate-N Standard Methods 18th edition, mg/L 0.04 mg/L 
4500F Colorimetric, automated 
Cd redn 
Total Standard Methods 18th edition, mg/L 0.10 mg/L 
kjeldahl-N 4500 Org B Colorimetric after 
digestion 
Phosphorus, Standard Methods 18th edition, mg/L 0.005 mg/L 
total 4500 P-B+E digestion H2SO4-
HNO3 Ascorbic acid colorimetric 
Phosphorus, Standard Methods 18th edition,  mg/L   0.005 mg/L 
dissolved 4500 P-B+E after field filtration 
through 0.45-µ filter H2SO4-
HN03 digestion ascorbic acid 
colorimetric 
Total Solids Standard Methods 18th edition, mg/L 1 mg/L 
Gravimetric, dried at 103-105°C 
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Appendix V. Concluded 
Unit of Detection 
Parameter Method of analysis (reference) measure limits 
Total Standard Methods 18th edition, mg/L 1 mg/L 
Suspended Gravimetric Residue, nonfilter-
Solids able, Dry at 103-105°C 
Volatile Standard Methods 18th edition, mg/L 1 mg/L 
Suspended 2540E Gravimetric Ignition 
Solids at 500°C of TSS 
Iron Standard Methods 18th edition,     µg/L   60 µg/L 
3111B 
Manganese Standard Methods 18th edition,     µg/L   10 µg/L 
3111B 
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Appendix VIa. Water Quality Characteristics of Station 1 Surface (IS) Waters of Vienna Correctional Center Lake, 1995-1996 
Parameters 10/26 11/20 12/12 1/8 2/14 3/11 4/15 5/21 
Secchi transparency, inches 77 104 133 (98) 120 48 43 52 
pH 7.58 7.58 7.68 7.88 7.81 7.80 7.66 8.11 
Alkalinity, mg/L as CaCO3 
Phenolphthalein 0 0 0 0 0 0 0 0 
Total 53 53 43 48 41 39 39 36 
Conductivity, µmho/cm 152 150 151 154 154 153 148 139 
Phosphorus, mg/L 
Total 0.03 0.03 0.02 0.03 0.03 0.02 0.05 0.04 
Dissolved 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.01 
Nitrogen, mg/L 
Total kjeldahl 1.08 1.20 0.94 1.04 0.98 0.64 0.81 0.68 
Ammonia 0.61 0.10 0.39 0.36 0.32 0.09 0.20 0.04 
Nitrate + Nitrite 0.06 0.48 0.22 0.34 0.36 0.20 0.23 0.05 
Solids, mg/L 
Total suspended 7 3 1 3 2 3 6 4 
Volatile suspended 4 2 1 2 1 1 4 2 
Total 98 103 92 89 95 96 96 99 
COD, mg/L 15.3 14.7 11.0 8.6 13.1 17.8 19.0 24.1 
Chlorophyll a, µg/L 3.4 4.7 3.0 - 2.1 6.2 10.4 12.4 
Iron, mg/L 0.64 0.42 0.25 0.49 0.15 0.16 0.19 0.14 
Manganese, mg/L 1.60 1.19 0.89 0.74 0.56 0.59 0.52 0.27 
Total depth, feet 19.1 19.2 18.3 * 18.8 19.0 21.4 22.0 
Notes: 
k = less than detection value. 
* Sample collected at pumping station (14.3 feet deep). 
Appendix VIa. Concluded. 
Parameters 6/6 6/18 7/1 7/16 8/6 8/20 9/10 9/23 10/23 
Secchi transparency, inches 51 60 60 47 72 48 54 69 42 
pH 9.3 8.93 8.69 8.87 8.63 9.20 8.48 7.83 7.43 
Alkalinity, mg/L as CaCO3 
Phenolphthalein 1.6 1.6 1.2 1.2 1.0 3.7 0.8 0 0 
Total 37 38 29 38 96 42 45 41 44 
Conductivity, µmho/cm 134 139 139 140 151 140 148 151 161 
Phosphorus, mg/L 
Total 0.04 0.03 0.02 0.04 0.02 0.02 0.03 0.02 0.04 
Dissolved 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01k 0.02 
Nitrogen, mg/L 
Total kjeldahl 0.61 1.26 0.98 0.83 0.70 0.91 0.64 0.39 1.08 
Ammonia 0.01 0.01 0.01 0.04 0.03 0.01 0.04 0.06 0.42 
Nitrate + Nitrite 0.03k 0.03k 0.03k 0.01 0.04 0 0.03k 0.04 0.03 
Solids, mg/L 
Total suspended                  3  3 1      4 2      5 3 3       8 
Volatile suspended 3 3 1 2 1 4 3 2 6 
Total 86 126 110 94 92 102 96 106 98 
COD, mg/L 24.1 21.6 25.1 23.6 15.7 23.6 19.8 16.9 21.8 
Chlorophyll-a, µg/L 7.1 14.6 7.7 12.4 6.0 1.7 9.8 11.3 4.3 
Iron, mg/L 0.08 0.06 0.12 0.10 0.08 0.07 0.13 0.14 0.65 
Manganese, mg/L 0.09 0.09 0.09 0.10 0.08 0.09 0.08 0.12 1.62 
Total depth, feet 21.8 22.2 21.7 21.5 20.7 20.0 18.5 20.0 19.0 
Notes: 
k = less than detection value. 
* Sample collected at pumping station (14.3 feet deep). 
Appendix VIb. Water Quality Characteristics of Station 1 Near Bottom (IB) Waters 
of Vienna Correctional Center Lake, 1995-1996 
Parameters 10/26 11/20 12/12 1/8 2/14 3/11 4/15 5/21 
Secchi transparency, inches 
pH 7.56 7.56 7.79 7.87 7.85 7.78 7.66 -
Alkalinity, mg/L as CaCO3 
Total 52 52 49 45 41 39 39 -
Conductivity, umho/cm 152 148 150 154 155 152 148 164 
Phosphorus, mg/L 
Total 0.04 0.03 0.03 0.03 0.04 0.03 0.06 0.07 
Dissolved 0.02 0.01 0.01k 0.01 0.02 0.01 0.02 0.01 
Nitrogen, mg/L 
Total kjeldahl 1.09 1.00 0.96 1.12 0.98 0.66 0.51 1.86 
Ammonia 0.53 0.13 0.38 0.41 0.31 0.09 0.14 0.52 
Nitrate + Nitrite 0.06 0.47 0.21 0.31 0.37 0.28 0.22 0.03k 
Solids, mg/L 
Total suspended 9 4 1 4 5 3 6 4 
Volatile suspended 6 2 1 2 2 0 3 4 
Total 90 96 92 88 94 98 96 109 
COD, mg/L 15.3 18.0 22.4 30.4 16.6 42 17.8 22.6 
Iron, mg/L 0.58 0.39 0.64 0.35 0.27 0.26 0.20 0.08 
Manganese, mg/L 1.44 1.15 0.92 0.66 0.63 0.59 0.52 3.13 
Notes: 
k = less than detection value. 
* Sample collected at pumping station (14.3 feet deep). 
Appendix VIb. Concluded. 
Parameters 6/6 6/18 7/1 7/16 8/6 8/20 9/10 9/23 10/23 
Secchi transparency, inches 
pH 7.30 7.17 7.19 7.28 7.22 7.30 7.16 7.13 7.38 
Alkalinity, mg/L as CaCO3 
Total 60 53 54 81 29 91 95 134 52 
Conductivity, µmho/cm 165 167 152 189 182 197 216 269 160 
Phosphorus, mg/L 
Total 0.10 0.07 0.09 0.19 0.17 0.23 0.20 0.50 0.04 
Dissolved 0.02 0.03 0.02 0.15 0.05 0.14 0.14 0.44 0.04 
Nitrogen, mg/L 
Total kjeldahl 2.45 2.32 2.17 3.29 2.47 3.54 3.51 7.42 1.13 
Ammonia 0.72 0.80 0.69 1.40 0.45 1.91 2.90 5.69 0.43 
Nitrate + Nitrite 0.03 0.03k 0.03k 0.03 0.04 0.03 0.03k 0.10 0.06 
Solids, mg/L 
Total suspended 11 10 2 17 21 13 10 20 7 
Volatile suspended 7 5 0 13 15 11 9 11 4 
Total 102 142 120 124 126 140 134 180 90 
COD, mg/L 26.6 22.6 27.2 27.7 34.0 34.6 25.8 31.3 20.8 
Iron, mg/L 0.71 0.57 0.27 2.29 0.96 2.84 3.37 12.0 0.63 
Manganese, mg/L 6.54 5.27 4.76 9.95 6.47 11.8 10.4 20.6 1.62 
Notes: 
k = less than detection value. 
* Sample collected at pumping station (14.3 feet deep). 
Appendix VIc. Water Quality Characteristics of Station 2 Surface Waters 
of Vienna Correctional Center Lake, 1995-1996 
Parameters 10/26 11/20 12/12 1/8 2/14 3/11 4/15 5/21 
Secchi transparency, inches 65 104 133 120 35 43 46 
pH 7.63 7.62 7.71 7.90 7.64 7.84 7.69 7.39 
Alkalinity, mg/L as CaCO3 
Phenolphthalein 0 0 0 0 0 0 0 
Total 52 52 48 45 40 40 38 54 
Conductivity, umho/cm 151 150 148 155 151 154 149 135 
Phosphorus, mg/L 
Total 0.04 0.03 0.02 0.02 0.03 0.03 0.04 0.04 
Dissolved 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 
Nitrogen, mg/L 
Total kjeldahl 1.14 1.00 0.88 1.11 0.88 0.70 0.66 0.40 
Ammonia 0.57 0.15 0.35 0.37 0.29 0.05 0.16 0.02 
Nitrate + Nitrite 0.06 0.45 0.21 0.36 0.36 0.28 0.21 0.10 
Solids, mg/L 
Total suspended 6                     3 2 6         5 4      6 4 
Volatile suspended 5 3                1                3                         3                1                     4                 3 
Total 96 94 92 93 96 100 98 97 
COD, mg/L 21.4 17.7 18.0 17.0 11.2 11.6 15.4 19.5 
Chlorophyll a, µg/L 4.1 4.7 4.4 - 2.1 5.2 10.4 13.4 
Iron, mg/L 0.70 0.34 0.26 0.32 0.19 0.19 0.25 0.15 
Manganese, mg/L 1.52 1.11 0.87 0.75 0.60 0.60 0.53 0.29 
Total depth, feet 12.2 11.9 11.6 * 12.2 12.1 12.2 14.8 
Notes: 
k = less than detection value. 
* Sample collected at the boat dock (1.8 feet deep, lake lightly frozen). 
Appendix VIc. Concluded. 
Parameters 6/6 6/18 7/1 7/16 8/6 8/20 9/10 9/23 10/23 
Secchi transparency, inches 48 60 54 42 65 42 48 63 62 
pH 9.12 9.08 8.56 8.85 8.75 9.22 8.48 7.82 7.38 
Alkalinity, mg/L as CaCO3 
Phenolphthalein 1.2 1.6 0.8 0.8 1.2 3.7 0.8 0 0 
Total 38 38 40 40 41 43 43 46 50 
Conductivity, µmho/cm 134 138 139 139 150 144 148 148 161 
Phosphorus, mg/L 
Total 0.04 0.02 0.02 0.05 0.12 0.06 0.03 0.02 0.04 
Dissolved 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.04 0.01 
Nitrogen, mg/L 
Total kjeldahl 0.57 1.20 0.69 0.84 0.61 0.99 0.07 0.51 1.07 
Ammonia 0.01 0.01 0.02 0.01 0.03 0.02 0.02 0.06 0.36 
Nitrate + Nitrite 0.03 0.03k 0.03k 0.01 0.03 0.03k 0.03k 0.04 0.05 
Solids, mg/L 
Total suspended                 3   4 2    5    2   5 5       4 7 
Volatile suspended                   3   4 0    4     2   4 4      3 6 
Total 94 116 98 96 84 102 92 100 92 
COD, mg/L 24.1 18.5 19.0 20.9 16.2 22.5 22.3 17.4 17.9 
Chlorophyll-a, µg/L 22.2 16.4 12.8 10.4 11.2 10.1 9.3 6.6 8.5 
Iron, mg/L 0.16 0.11 0.14 0.15 0.09 0.10 0.18 0.18 0.38 
Manganese, mg/L 0.09 0.08 0.14 0.14 0.12 0.12 0.16 0.14 1.29 
Total depth, feet 15.0 15.8 14.8 14.0 13.6 13.2 12.3 12.4 11.8 
Notes: 
k = less than detection value. 
* Sample collected at the boat dock (1.8 feet deep, lake lightly frozen). 
Appendix VId. Water Quality Characteristics of Station 3 Surface Waters 
of Vienna Correctional Center Lake, 1995-1996 
Parameters 10/26 11/20 12/12 1/8 2/14 3/11 4/15 5/21 
Secchi transparency, inches 48 44 44 - 54 32 42 44 
pH 7.82 7.82 7.85 - 7.85 7.84 7.50 7.96 
Alkalinity, mg/L as CaCO3 
Phenolphthalein 0 0 0 -      0   0      0     0 
Total 49 49 48 - 39 39 38 36 
Conductivity, umho/cm 124 150 148 - 149 155 150 138 
Phosphorus, mg/L 
Total 0.04 0.03 0.04 - 0.02 0.04 0.04 0.04 
Dissolved 0.01 0.01 0.01 - 0.01 0.02 0.02 0.01 
Nitrogen, mg/L 
Total kjeldahl 1.05 1.10 0.96 - 0.69 0.80 0.60 0.38 
Ammonia 0.50 0.17 0.31 - 0.25 0.14 0.15 0.04 
Nitrate + Nitrite 0.08 0.39 0.23 - 0.33 0.30 0.22 0.09 
Solids, mg/L 
Total suspended 11 4 2 - 4 6 5 3 
Volatile suspended 6 2 1 - 3 2 2 2 
Total 102 94 88 - 96 105 98 97 
COD, mg/L 19.2 20.8 17.5 - 11.8 10.0 16.8 22.6 
Chlorophyll a, µg/L 3.4 3.9 3.6 - 2.6 4.9 12.2 10.4 
Iron, mg/L 0.36 0.36 0.28 - 0.20 0.27 0.31 0.14 
Manganese, mg/L 0.75 0.91 0.73 - 0.58 0.61 0.55 0.29 
Total depth, feet 4.0 3.7 3.7 * 6.5 6.5 9.4 9.9 
Notes: 
k = less than detection value. 
* No sample 
Appendix VId. Concluded. 
Parameters 6/6 6/18 7/1 7/16 8/6 8/20 9/10 9/23 10/23 
Secchi transparency, inches 36 45 41 42 54 38 43 66 53 
pH 9.05 8.73 8.54 8.72 8.70 9.26 8.58 8.00 7.31 
Alkalinity, mg/L as CaCO3 
Phenolphthalein 1.2 0.4 0.8 0.8 1.0 3.7 1.2 0 0 
Total 37 38 40 38 42 43 43 46 49 
Conductivity, µmho/cm 134 139 138 138 150 145 148 147 157 
Phosphorus, mg/L 
Total 0.06 0.04 0.04 0.03 0.04 0.02 0.03 0.03 0.04 
Dissolved 0.02 0.01 0.02 0.01 0.02 0.01 0.01 0.01k 0.01 
Nitrogen, mg/L 
Total kjeldahl 0.59 1.34 0.41 0.69 0.65 1.02 0.37 0.46 1.10 
Ammonia 0.01 0.02 0.01 0.02 0.06 0.02 0.03 0.06 0.30 
Nitrate + Nitrite 0.03 0.03k 0.03k 0.01 0.04 0.03k 0.03k 0.04 0.07 
Solids, mg/L 
Total suspended                  6 5      1       5 3                  5     4       4      4 
Volatile suspended                6 5 1    4   2    5 4       3 4 
Total 96 116 108 92 88 102 92 100 102 
COD, mg/L 30.6 23.1 19.5 22.0 18.3 22.0 19.8 16.9 19.4 
Chlorophyll-a, µg/L 39.9 5.1 14.1 12.4 17.8 21.6 9.3 7.1 4.2 
Iron, mg/L 0.47 0.22 0.17 0.20 0.11 0.11 0.16 0.13 0.36 
Manganese, mg/L 0.15 0.10 0.12 0.16 0.07 0.04 0.09 0.12 2.75 
Total depth, feet 10.6 10.5 8.8 8.0 8.0 8.0 6.7 6.4 7.5 
Notes: 
k = less than detection value. 
* No sample. 

